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Ie f I0n Iow ln the es °phagus. The serum treatment was initiated at an 
advanced stage of the disease as a rule. Of the eight patients, two died 
and six survived. 

REPORT OF CASES 

Case 1.— S. W., a girl, aged 4 months, became ill on March 7, 1933, with 
a swollen lymph node in the neck and high fever. On admission to the hospital on 
March 11, severe purulent rhinitis and bilateral purulent otitis media were recog- 
nized. The abridged clinical record is shown in chart 1. Spinal tap immediately 
after admission yielded a normal spinal fluid. The right ear drum was incised on 
March 13. On March 16 a blood culture was taken, and 20 cc. of human blood 
was given by intramuscular injection. The blood culture became positive on 
March 17, showing eighty-five colonies of hemolytic streptococci per cubic centi- 
meter of blood. On this day the left middle ear was opened, and one-half ampule 
(10,000 units) of the concentrated streptococcus serum was given by intramuscular 
injection. On March 18 left mastoidectomy was done, with ligation of the left 
jugular vein and removal of a thrombus from the left lateral sinus. A transfusion 
was given before the operation and another on March 20. On March 21 there 
was recognized pneumonia on the right side, and the left arm became blue and 



Chart 1. — Abridged clinical record of S. W., a girl, aged 4 months. This 
patient had a positive blood culture taken on March 16. On the following day 
10,000 units of serum was given by intramuscular injection. No further serum 
was given until March 23, when another dose of 12,000 units was given intra- 
muscularly. In the interval there was an operation on the mastoid with ligation 
of the jugular vein on March 18. The child died on March 26. 


tensely swollen. Aspiration of the arm was performed and an incision made on 
March 22, a large amount of purulent exudate containing streptococci being evacu- 
ated. Another intramuscular injection of the streptococcus serum, 12,000 units, 
was administered on March 23. On the next day the site of the injection on 
the left buttock appeared necrotic. An abscess of the right thigh was opened on 
March 25. Oxygen was given on March 18 and 19 and again from March 
until death on March 26. 

Necropsy revealed, in addition to the disease of the left mastoid region, ac i\e 
purulent mastoiditis on the right side and extending from it a dissecting abscess 
(von Bezold) along the carotid sheath into the mediastinum to the soft tissues 
about the shoulder and down the left arm, septic infarcts of both lungs with 
fibrinopurulent pleurisy on the right side, metastatic abscesses in both thighs an 
the left buttock and septic changes in the various organs. The cardiac valves 

were normal. 

Case 2.-A. G., a boy, aged 11 months, had his right car drum incised on 
March 19, 1933, and again on March 22. A purulent discharge continued unM 
about March 25, and during this time the temperature ranged from 301 to iu 
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On March 31 the mother noticed that the right lower extremity remained flexed 
and attempts to straighten it evidently caused pain. From March 30 to Apr 
the temperature observed at home ranged from 100 to 101 F. The baby was admit cd 
to the hospital at 11 a. m. on April 9, on account of the deformity of the leg. The 
abridged clinical record is shown in chart 2. 



Chart 2.— Abridged clinical record of A. G., a boy, aged 11 months. The 
illness began with otitis media about the middle of March. Subsequently there 
was some disability of the right leg, for which the patient was admitted to the 
hospital. Bilateral mastoidectomy was performed on May 4. A positive blood 
culture was obtained for the first time on June 9. The serum was administered 
on June 18 and June 19, a total of 40,000 units intravenously. The child was 
discharged on July 8 in good condition. There was no serum reaction. 
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Examination on admission disclosed little in addition to the foregoing data 

le flexion at the right hip and knee was not associated with recognizable swelling’ 
redness or ^duration. Roentgenologic study, however, revealed evidence of 
larked synovial distention of the right hip joint on April 9 and on April 18 
destructive arthritis and epiphysitis, apparently of metastatic origin. The right 
ear was no longer draining, but on April 18 the left ear drum was incised to 
facilitate drainage, which had already been initiated spontaneously. On May 4 
bilateral mastoidectomy was performed. There was mucopurulent exudate in each 
mastoid, and hemolytic streptococci were recovered from these exudates. The 
aspiration of the hip on May 12 failed to disclose any fluid. 

Without any apparent reason there was a sharp rise in temperature on June 4. 
On June 9 the right lower extremity was enclosed in a plaster dressing, and on 
this day a. blood culture was taken. This proved to be positive for hemolytic 
streptococci. Another blood culture taken on June 10 yielded 42 colonies per 
cubic centimeter of blood. A blood culture taken on June 14 remained sterile. 
On June 16 a large abscess on the back, just above the plaster dressing, was 
opened. This contained streptococci. A blood culture taken on the following day 
was positive. Transfusions were given on May 14, June 11 and June 18. The 
concentrated streptococcus serum was given intravenously, 20,000 units on June 18 
and a similar dose on June 19. Convalescence was gradual from this time, and 
the patient was discharged on July 8, being allowed to bear weight on the plaster 
dressing at this time. There was no urticaria or other evidence of serum sickness 
following the injection of the serum. 

Case 3. — M. S., a girl, aged 4 years, became ill on May 5, 1933, with rhinitis. 
Three days later a small abscess on the right side of the nose was lanced. She 
was admitted to the hospital on May 9, at which time the nostrils were occluded 
by edema and congestion, and many enlarged lymph nodes were recognized in the 
neck, especially along the left carotid chain. The abridged clinical record is 
shown in chart 3. 

A blood culture taken on May 9 gave a positive growth of hemolytic strepto- 
cocci. A transfusion was given on May 11. Roentgenologic study revealed cap- 
sular distention of the right hip joint without evidence of changes in the bones. 
On May 12 the concentrated streptococcus serum of the laboratory of the New 
York State Department of Health was injected, first into the skin, revealing a 
positive sensitiveness to horse serum, then subcutaneously and then intramuscu- 
larly. One ampule of 20,000 units was administered daily from May 12 to 16, 
inclusive. A blood culture taken on May 16 was again positive, the colonies on 
the plates being recorded as “innumerable.” An eruption of small pustules 
appeared on May 19, and the patient became irrational. On May 22 an abscess on 
the heel was incised, and pus containing streptococci was evacuated. Following 
this there were cyanosis and delirium. An abscess of the left arm was opened 
on May 27. A blood culture taken on May 29 revealed 3 streptococci per cubic 
centimeter of blood, and another blood culture taken on May 31 remained sterile 
Transfusions were given on May 11, 17, 24 and June 7. The patient was discharge 

on June 12. , , , 

Progress at home was not satisfactory, and the child was returned to 

hospital on June 16 because of pain in the left hip. Roentgenologic study reven « 
osteomyelitis of the left femur. This was treated surgically without use 
further serum, and the patient was finally discharged, improved, on Augus • 

Among the unusual features of this record, one may mention the 
early recognition of the bacteremia, the sensitiveness of the patien 
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horse serum, the effective descnsitizution, the absence of subsequent 
serum siclcness and the eventual survival of the patient. We are inclined 
to think that intravenous injection of the later doses of serum might 
have been better than use of the intramuscular route. The wisdom of 
further injections of the serum may be open to debate. We are inclined 
to favor larger doses continued over a longer period for an actual strep- 
tococcic bacteremia. Possibly the unfortunate sequel of osteomyelitis 
might thus have been avoided. One should note that the right hip joint 
appeared to be threatened early but that the late bone lesion appeared 
in the left femur. 

Case 4.— M. C., a boy, born on Dec. 13, 192S, had been subject to vomiting 
since the age of 2 weeks. On March 12, 1931, he swallowed a cherry stone, and 
subsequent to that no solid food was retained and even liquids were regurgitated 



Chart 3. — Abridged clinical record of M. S., a girl, aged 4 years. The illness 
started with an infection of the upper respiratory tract. A blood culture taken 
on the day of admission was positive. Serum was administered on May 12, 13, 
14, 15 and 16, a total of 100,000 units. The patient had a stormy convalescence, 
but was discharged on June 12. She returned to the hospital on June 16 with 
osteomyelitis of the left femur and was finally discharged improved on August 10. 
It appears that the amount of serum given was somewhat too small in this case. 

frequently. On March 24 he came to the hospital and at that time there was 
isco\ercd an esophageal stricture 8^4 inches (21.5 cm.) from the upper incisor 
eeth with an enormous dilatation above it and a foreign body, recognized as a 
crervy stone, caught in the stricture. After this he returned to the hospital at 
^requent intervals for dilation of the stricture. On March 9, 1933, he came for 
M U . Sual , treatment ’ consls ting of esophagoscopy and dilation with bougies. On 
j 1 f came for another treatment, but at this time the esophagoscopic 
ther j 031 ' 011 re ' ea kd ulceration at the cardiac end of the stricture. Bougies were 
ord? 7 7 passed > but a Senn gastrostomy was performed on March 28 in 
the st '°t aXOr beabn = °f tbe ulcer. This healing progressed favorably, so that 
ric ure of the esophagus was dilated from below through the gastrostomy 
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on April 13 and again on April 20. The child was sent home, but returned again 
on / pi i or a third dilation from below. He came again on May 4 for a 
ch lation, but because lie had been taking food by mouth the treatment was can- 

been 09 4 p "o. T 4 T 1 u m ‘ ° n May 5 ’ WS m ° rning tem P eratur e having 
been 99.4 F. On the same day he was readmitted to the hospital at 4- 10 n m 

severely ill, with a temperature of 104.2 F„ which rose to 105.4 F. at 8 p. m. " 

The abridged clinical record is shown in chart 4. Spinal tap at 9 p. m. on 

Atay 5 yielded a negative fluid, and a blood culture taken on May 9 remained 

sterile. However, the blood culture taken on May 11 gave a growth of hemolytic 

streptococci, and blood cultures on May 13 and 16 were also positive, the latter 

showing 52 colonies per cubic centimeter of blood. The concentrated streptococcus 

serum was given intravenously, one ampule daily from May 12 to 16, inclusive, 

the total amounting to 100,000 units. The patient was given a transfusion on 

May 12 and 17. There was no perceptible response to these therapeutic measures, 

and death took place early on the morning of May 22. 
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Chart 4. — Abridged clinical record of M. C., a boy, aged 5 years. This child 
was under treatment for stricture of the esophagus. On May 5 there evidently 
developed a severe infection extending from the esophageal stricture. A blood 
culture taken on May 11 was positive. Serum was given on May 12, 13, 14, 15 
and 16, a total of 100,000 units. The child died on May 22. Necropsy revealed 
bilateral empyema and vegetative endocarditis, apparently taking origin from the 
ulcerated esophageal stricture. 


Necropsy disclosed: complete ulceration of the esophagus throughout the^ con- 
stricted portion which extended from the level of the uppermos P 3 *" es0 nhaeus- 
arch to the cardia, with marked fibrous thickening of the wa ^ ^ ^ 

mediastinal lymphadenitis; bilateral empyema; acute vegeta i 
mitral, aortic and tricuspid valves, and multiple septic infarcts of both lungs, along 

with other signs of general sepsis. 

r e w r a srirl aged 6 years, received a bruise in the lower abdotmna 
Case 5. — F. C., a gin, agea j ’ . . ig ,, d this was followed 

region on hitting the corner of a table on Jan ,14, 19 > appendectomy 

by appearance of blood at the vulval outlet. Two days later ^ 

was performed, and the P ostoperat p C ^arynx was found to be inflamed. 

X ZrZTfZ sub -L R but £ sore J throat and tenderness of the 
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muscles of the neck persisted. The child was taken home on January 31. 
She had chills with a rise of temperature to 102 F. even- two or three days. 
Between times she appeared well except for vague pains m the joints and stiffness 
of the neck. On February 12, at noon, she had a chill with a rise m temperature 
to 104 F. By evening the temperature was normal. The evening specimen ot 
urine was filled with blood. The patient was admitted to the Post-Graduate 
Hospital for the first time on February 14, at which time there were recognized 
slight coryza, a reddened pharynx and enlarged cervical lymph nodes. 

The abridged hospital record is shown in chart 5. On February 15, at 1 p. m., 
there was a chill followed by a rise in temperature to 104 F. A blood culture 
taken on February 16 produced a growth of hemolytic streptococci in twenty- 
four hours. When this was recognized on February 17, another blood culture was 
taken, bacteriologic examination of the urine was undertaken and one ampule 
of concentrated streptococcus serum was given by intramuscular injection. On the 
next dav a transfusion was given, and the dose of serum was repeated. A blood 
culture taken on February 20 remained sterile. There were no further chills. 
After February' 28 the highest temperature observed was 99.6 F. The patient 
was discharged on March 7, without a definite understanding having been reached 
of the disorder from which she seemed to have recovered. The traumatic factor 
in the history seems problematic; the possible influence of the appendectomy is 
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Chart 5.— Abridged clinical record of F. C., a girl, aged 6 years. This child 
was admitted on account of hematuria. A positive blood culture was obtained on 
February 16 and again on February 17. The serum was administered on February- 
17 and February 18, a total of 40,000 units. The recovery was very- prompt. 


uncertain. Perhaps inflammation of the upper respiratory- tract with extension 
of streptococcic infection to the lymphatics and to the blood stream, complicated 
by hemorrhagic nephritis, may fit the situation. At any- event, the improvement 
oi the patient following the injection of the serum and the transfusion was dramatic 


Case 6.— E. T„ a girl, aged 20, was admitted to the hospital on April 6 193"? 
(chart 6), and a right mastoidectomy- with exposure of the lateral sinus was 
performed On April 10 the patient complained of frontal headache and on 
April II the temperature continued to mount, reaching 105 F. at "4 o m A hlnnrt 
culture taken at 1:30 p. m. on this day- showed a positive growth of hemolytic 
streptococci. Spinal tap at 7 p. m. on April 11 yielded a normal spinal fluid ^A 
11“ 7 s at 9 P- - 0" April 12, at 5 a. m„ there was a chin lasting 

lateral J® “ temperature *06.4 F. On this day the right 

»S„ T “ »sa.n exposed, and S,«, bleeding was oblained iJa if 1L 

ztszz tXi, ? rr ~ - -zotjk 

5 Apnl 16 thc area 01 redn «s had extended to include the 
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eyelids and the lower portion of the forehead. It was edematous with a sharnlv 

cc inc margin. Erysipelas antitoxin (commercial), 500,000 skin units was given 

011 tlUS day> The patient was very weak and unable 'to swaC 
d . On this account a duodenal tube was inserted for about twenty-four hours 
A blood culture taken on April 18 again gave positive growth of hemolytic 
. eptococci. On April _6 the blood culture was positive, yielding 16 colonies per 
cu ic centimeter of blood. On April 28 the patient was cyanotic, with a feeble 
pulse, and was apparently in a desperate condition. Transfusion was given on 
April 29. 1 he concentrated streptococcus serum of the New York State Depart- 

ment of Health was given for the first time on April 30, first a minute intracuta- 
ncous dose at 1:30 p. m., which revealed a marked hypersensitiveness. This was 
followed by an intravenous dose of 1 cc. at 2 p. m., and at 5 p. m. an intravenous 
dose of 3 cc. The patient had a chill lasting thirty minutes. The serum treat- 
ment was continued, 5 cc. on Ma}’ 1, two doses of 5 cc. each on May 2 and a 
final dose of 5 cc. on May 3, all intravenously. The total amount was 60,000 units, 



Chart 6. — Abridged clinical record of E. T., a woman, aged 20. This patient 
gave a positive blood culture on April 11 following a mastoidectomy on April 6. 
The jugular vein was ligated on April 12. Transfusions were given on April 11 
and April 14. A commercial erysipelas serum was administered on April 16 o n 
account of a cutaneous eruption which had been recognized the day before. ie 
blood culture remained positive on April IS and April 26. On April ” ltra 
venous serum therapy was begun, a total amount of 24 ^ cc., equivalent to 
units, being administered in four days by intravenous injection. e patien 
discharged in good condition on May 9. 


the titer of the concentrated serum being 2,500 units per cubic centimeter. A 
furuncle on the left buttock, incised on May 2, yielded pus containing °nly S ^- 
lococcus albus but no streptococci. A blood culture taken on May S remained 
sterile. The patient was discharged May 9, in good condition. 

C- 7-D. M., a nurse, aged We “ %££ Z ££ 
1933, and with pam in both ears on Fe - Her bridged clm- 

on February 8, on which day her tempera week, on February 14 a 
ical record is shown in chart /. mter 
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red and tender area appeared just below the right knee. On the next day, similar 
but somewhat smaller red tender areas appeared on both legs and on the hands. 
The eruption was diagnosed by a dermatologic consultant as erythema nodosum 
of infectious origin. The patient gave a history of a similar eruption four years 
before, with a streptococcic sore throat. On February 15, while undergoing an 
irrigation of the right antrum, she fainted, and two days later after treatment of 
her nose she went into an alarming collapse, with pale face and lips, profuse dia- 
phoresis, a rapid and feeble pulse and apparent unconsciousness. The pupils were 
not dilated, and they reacted to light. She rallied quickly. On February 20 the 
eruption had extended above the elbows and knees. The joints were tender, and 
there was a purulent discharge from the nose in which abundant hemolytic strepto- 
cocci were recognized on culture. A blood culture taken on February 21 was 
negative. On February 22 the concentrated streptococcus serum was given in 
divided doses to insure desensitization, the total amount on this day being 40,000 
units subcutaneously. A similar amount was given the next day in two doses. 
The temperature reached 103.8 F. and the pulse 120 per minute at S p. m., two 
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Chart 7. — Abridged clinical record of D. M., a woman, aged 21. This patient 
had a severe rhinitis involving the sinuses. On February 15 an eruption developed 
which was diagnosed as erythema nodosum. The blood culture remained negative. 
The patient received streptococcus serum, 40,000 units on February' 22 and 40,000 
units on February 23, all subcutaneously. Her recovery was satisfactory'. 


hours after the last injection of serum. On February' 24 the joints of the hands 
and feet became painful. The cutaneous lesions ceased to extend but remained 
painful to the touch. The patient was very' uncomfortable. By February 27 these 
manifestations had subsided, and the use of codeine was discontinued. Irrigation 
of the right antrum brought out a large amount of green pus. By March 5 the 
nasal inflammation had subsided. The patient was up and about on March 8 and 
" as charged on March 10. There was no late serum reaction. 


Case 8.— J. L., a man, aged 48, first presented himself in the outpatient service 
n vcd. 8, 1933, on account of persistent cough, pain on swallowing and the 
0f . Examination revealed edema over the arytenoids, especially 

in tlJ’ u? th * ,Cken,ng of the mucous membrane in the interarytenoid space and 
no-worn? Pynf0rm SlnUS - A biopsy s P ecirnen taken on February- 13 revealed a 

hnnco o'" 5 fqUam0US CC,i Carcin0ma - ° n Fe bruary 23, a more thorough 
■an ngoscopic examination under local anesthesia disclosed ulceration and general 
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infiltration of the laryngeal surface of the epiglottis reaching as far as the lingual 
sur ace and extension of the new growth downward and forward to the right side 

March 13 yn show C V ie K ’ nf0rm Examination a S a >n under anesthesia on 

March 3 showed carcinoma involving the larynx and the oropharynx. The 

laryngeal portion of the pharynx appeared not to be invaded. On April 3 the 
patient was admitted to the hospital for radical operation. His abridged hospital 
record is shown in chart 8. 


On April S a total laryngectomy and pharyngotomy were performed. A tube 
was passed through the nose into the duodenum and left in place for feeding. A 
tracheotomy tube was inserted into the trachea. The communication between the 
esophagus and the trachea was filled with molded paraffin attached to the trache- 
otomy tube. A rubber drain was left on each side of the neck. The operation 
required four hours and twenty-five minutes and was finished at 5 : 55 p. m. Two 
days later the coughing increased so as to be almost continuous; there was abun- 
dant thick mucus present, and the patient appeared to become gradually exhausted. 
Bacteriologic study of the exudate and of the tracheal mucus taken on April 8 



Chart 8. — Abridged clinical record of J. L., a man, aged 48, operated on for 
carcinoma of the larynx extending into the pharynx, on April 5. Following the 
operation he did badly, and the outlook appeared serious on April 11. Strepto- 
coccus serum was given on April 11, 12 and 13, and staphylococcus bacteriophage 
was applied to the wounds repeatedly. The patient made an excellent recovery 
and at the last report had remained without recurrence. 


revealed chiefly hemolytic streptococci with somewhat less abundant staphylococci. 
On April 11, the concentrated streptococcus serum was given in divided doses, 
intracutaneously and subcutaneously, the total amount being 20,000 units, an on 
the same day application of staphylococcus bacteriophage to the surfaces of ie 
wound was begun. The injection of the serum was repeated on April I~ an 
April 13, and the application of the bacteriophage was continued to May 1. 1 

hopeless aspect of the situation changed quickly. The patient was up an am 
after April 19. The feeding tube was dispensed with on May 15, and tie P 
was discharged on May 18. He has returned periodically to the °^^ rrcncc 
and, according to recent reports, is leading an active life without eviden 

of the neoplasm. 
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COMMENT 

The eight patients selected for presentation in this paper do not 
represent a homogeneous group but they have one feature in common, 
namely, a clinical interest for the specialist in otorhinolaryngology. The 
presenting signs and symptoms caused the patients to be assigned to 
the otorhinolaryngologic services. Of the eight patients, six were all on ed 
to reach a stage of invasion of the blood stream by hemolytic strep- 
tococci before the serum was administered. In the other two patients 
there was no positive blood culture. There were two deaths and six 
survivals. 

As a rule, the serum therapy was begun by small doses, the first one 
being administered intracutaneously as a test for hypersensitiveness to 
horse serum, followed after a half an hour by* a small subcutaneous 
dose. After this we gave the full dosage to those persons who were not 
hypersensitive, but proceeded with more caution in those showing an 
urticarial wheal at the intracutaneous site. Intravenous, intramuscular 
and subcutaneous routes were employed. We favor the former for 
prompt effect and prefer the subcutaneous route in hypersensitive 
patients and in cases in which the situation does not demand prompt 
effect. 

Untoward effects which may be ascribed to the horse serum itself 
were observed in three patients. M. S., aged 4 years, reacted with an 
urticarial wheal to the initial intracutaneous injection of serum. The 
continuation of the serum treatment by subcutaneous and intramuscular 
routes was free from any other untoward manifestations. E. T., aged 
20, had received an injection of erysipelas serum on April 15 and on 
that account was expected to be hypersensitive to horse serum on April 
30, when the concentrated serum was used. Actually, the initial intra- 
cutaneous injection at this time did disclose a marked hypersensitive- 
ness. However, because of the desperate state of the patient, the second 
injection of 1 cc. was given intravenously after an interval of thirty 
minutes and a third intravenous injection of 3 cc. three hours later. 
Following this there was a chill lasting thirty minutes and a rise in tem- 
perature to 102.6 F. However, the subsequent intravenous injections of 
5 cc. each were without evident reaction, and there was no late cutaneous 
rash. D. M., aged 21, appeared not to be hypersensitive on intra- 
cutaneous injection of the serum on February' 22. However, she suffered 
Pams in her joints on February' 24 and 25, which may have been caused 
bv the serum. There was no late cutaneous rash. In this series, there- 

ore, the serum reactions did not cause any grave disturbances. 

The two fatalities desen- e special consideration. Both patients were 
young children. S. W., aged 4 months, was the victim of an infection 
the upper respiratory tract, otitis media and mastoiditis. After a 
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positive blood culture taken on the tenth day of the illness a single 
intramuscular injection of 10,000 units of the concentrated serum was 

f 7?, ° , 1 1 5 16 fQl owin ? da 3 r - A da y later the left mastoid was opened 
' " d the Cft JU f r uIar veiu ll 8 ated - Another dose of 12,000 units of serum 
was given on March 23, the sixth postoperative day. Autopsy disclosed 
advanced destruction of the right mastoid with a dissecting abscess 
extending from it to the mediastinum. The second fatality occurred 
in a boy, M. C., aged A J / 2 years, who had been subjected to repeated 
instrumental esophageal dilations for congenital stricture. In this case we 
were confronted with an acute vegetative endocarditis due to the 
hemolytic streptococcus, apparently a sequel of a chronic inflammation 
in the mediastinum about the malformed and ulcerated esophagus. In 
both of these patients the serum treatment was a failure. What might 
have been accomplished by earlier adequate doses of the serum is a 
matter for conjecture. 

Two of the patients survived with persistent disease of the bone. 
In one of them, A. G., 11 months of age, destructive arthritis and 
epiphysitis developed at the right hip early in April, almost two months 
before the positive blood culture was first obtained. The serum was 
administered subsequent to the positive blood culture. The other one, 
M. S., aged 4 years, received 100,000 units of the serum from May 
12 to 16 after a positive blood culture taken on May 9. Almost two 
weeks after the last injection of serum the blood culture still revealed 
3 colonies per cubic centimeter of blood, and a month after the last 
dose osteomyelitis of the left femur became manifest. The experience 
with these two patients led us not only to favor early administration of 
the serum in adequate dosage but also to continue the injections in 
smaller amounts over several weeks in the streptococcic infections of 
the blood stream in children in order, if possible, to afford protection to 
the skeleton as well as to other important structures. 

The remaining two patients with septicemia recovered without 
serious sequelae. F. C, aged 6 years, recovered so promptly following 
40,000 units of the concentrated serum and one transfusion that one 
would be skeptical about the diagnosis of bacteremia were it not for the 
two positive blood cultures. The other patient, E. T., aged 20, had a 
prolonged sepsis which appeared to have been ameliorated by the com- 
mercial streptococcus serum given for the erysipelas on April 16. How- 
ever, the bacteremia persisted until, as a measure of desperation, the 
concentrated serum was given intravenously, with a dramatically favor- 
able result. This patient was ill in 1932, when our experience with this 

serum was still limited. 

Of the eight patients, the two oldest, D. M. and J. L escaped 
without recognized bacteremia. D. M., a nurse, aged 21, was ill enoug > 
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for consultation in which the bacteriologists were included, and the 
suggestion to employ serum was accepted. The subsequent course of the 
illness was highly gratifying, but the part played by the serum may be 
questioned. We think that it helped considerably. J. L., aged 4S, sub- 
jected to an extensive mutilating operation for radical removal of a 
laryngeal carcinoma already extrinsic, suffered the usually unavoidable 
infection of tire operative site with the pharyngeal bacteria. An appar- 
ently desperate condition was promptly relieved during the use of the 
concentrated streptococcus serum in combination with local application 
of staphylococcus bacteriophage to the wound, and we are inclined to 
the belief that these agents contributed an essential part to this relief, 
an opinion also shared by the surgeons in the case. 

The records of the eight patients here discussed offer strong evidence 
in favor of the use of streptococcus serum, particularly the concentrated 
streptococcus serum of the New York State Department of Health, in 
the treatment of streptococcic infections of the respiratory tract, ear 
and mastoid, as well as the infections of the blood stream developing 
as sequelae to these. We hope to persuade our clinical friends in this 
field to employ the serum earlier and in adequate dosage so as to fore- 
stall these more dangerous sequelae rather than to await a desperate 
or well-nigh hopeless situation before considering serum therapy. Early 
bacteriologic examination leading to a prompt recognition of the infecting 
organisms is the obvious key to this type of therapy. 


SUMMARY 

1. Eight patients suffering from severe infection with hemolytic 
streptococci in the field of otorhinolaryngology, six of them with positive 
blood cultures, were treated with the concentrated streptococcus serum 
of the New York State Department of Health, with two deaths and six 
recoveries. 

2. The early use of this serum is indicated in streptococcic infections 
of the upper respiratory tract and the middle ears in order to forestall 
the all too common serious sequelae of these maladies. 

3. Postoperative infections in the upper respiratory tract may also be 
favorably influenced by this serum. 
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Recent studies of postoperative pulmonary complications have indi- 
cated that bronchopneumonia, bronchitis and collapse of portions of 
the Jung show the highest incidence . 1 These three complications may 
logically be considered together since they occur together postopera- 
tively and have long been observed by pathologists in the same lungs . 2 
It seems possible that they have certain etiologic factors in common. 

A thorough study of such etiologic factors as infection, diminished 
ventilation of the lungs and bronchial obstruction has shown that no 
single one adequately explains the development of pulmonary compli- 
cations. Infection by pneumococci occurs regularly in postoperative 
bronchopneumonia , 3 but the invasiveness of the organisms is of such 
low degree that their entrance into the lungs and their proliferation are 
probably aided by other conditions. Although diminution in the venti- 


Funds for this investigation were supplied by the Influenza Commission of the 
Metropolitan Life Insurance Company. 

From the Thorndike Memorial Laboratory, Second and Fourth Medical 
Services (Harvard), and the Fifth Surgical Service (Harvard), Boston City 
Hospital, and the Department of Medicine, Harvard Medical School. 

1. King, Donald S.: Postoperative Pulmonary Complications: I. A Statis- 
tical Study Based on Two Years’ Personal Observation, Surg., Gynec. & Obst. 
56:43, 1933. Fuller, C. J.:- Analysis of Pulmonary Complications Based upon 
Cases at the University College Hospital, London, in One Year, Lancet 1.115 


(Jan. 18) 1930. 

2. Gairdner, W. T.: On the Pathologic States of the Lung Connected with 
Bronchitis and Bronchial Obstruction, Month. J. M. Sc. 11:122 and 230, 18d , 
12:440, 1831; 13:2 and 238, 1851. 

3. (a) Whipple, A. O.: A Study of Post-Operative Pneumonitis, Surg., 

Gynec & Obst. 26:29, 1918. (b) Cleveland, M.: Further Studies in Post-Opera- 

tive Pneumonitis, ibid. 26:282, 1919. (c) Gundel, M.: Baktcriolo* ^hcUntcr- 
suchungen an Leichenlungen unter besonder Berucksmhtigung ihrer Bcdcu g 
fur das Pneumonie Problem, Ztschr. f. Hyg. u. Infektionskr. 112:6-3, 1 • 
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lation of the whole lung is an important predisposing cause, it is not 
more marked in cases in which complications develop than in those in 
which no complications occur. 4 Collapse of the lungs is primarily the 
result of bronchial obstruction. 5 Yet obstruction by a mucous plug of 
any passage smaller than a primary bronchus is ineffective unless there 
is simultaneous interference with collateral respiration between alveoli. 0 
It is also true that both the production and the subsequent injurious 
effects of mucous plugs are largely conditioned by the presence of infec- 
tious agents. Conclusive evidence that collapse is the usual precursor 
of bronchopneumonia has not been obtained. It seems more than likely 
that the complications to be considered are not due to a single cause 
but to the interaction of two or more causative factors. In this study 
particular attention has been devoted to the interrelationships of infec- 
tion and diminished ventilation. 

A series of patients among whom a high incidence of the more 
common postoperative pulmonary complications might be expected to 
occur were observed. Pulmonary changes of slight degree, as well as 
clearly defined complications, were noted by physical and roentgenologic 
examinations. In the same patients a systematic study of the well 
known pathogenic bacteria of the nasopharynx was undertaken. 


PULMONARY CHANGES FOLLOWING OPERATION 

Procedure . — Sixteen patients about to undergo operations on the 
upper part of the abdomen were selected for observation, as about 10 
per cent of such patients have definite postoperative pulmonary compli- 
cations. 1 The preliminary period of observation in the hospital which 


4. (a) Muller, G. P. ; Overholt, R. H., and Pendergrass, E. P. : Post-Opera- 
tive Pulmonary Hypoventilation, Arch. Surg. 19:1322 (Dec., pt. 2) 1929. (5) 

Powers, John H.: Vital Capacity: Its Significance in Relation to Post-Operative 
Pulmonary Complications, ibid. 17:304 (Aug.) 1928. (c) Churchill, E. D., and 
McNeill, D.: The Reduction in Vital Capacity Following Operation, Surg., 
Gynec. & Obst. 44:483, 1927. (d) Beecher, Henry K. : The Measured Effect 
of Laparotomy on the Respiration, J. Clin. Investigation 12:639 (July) 1933. 

(e) Carlson, Herbert A. : Inhibition of Respiration as a Factor in the Pathogene- 
sis of Post-Operative Pulmonary Complications, J. Thoracic Surg. 2:196, 1932. 

(f) Allen, K. D. A.: Post-Operative Behaviour of' the Diaphragm, Radiology 
fit* (April) 1931. ( g ) Breuer, F.: Ueber einseitige postoperative Zwerch- 
fellschaedigung, Arch. f. klin. Chir. 161:443, 1930. (/,) Klotz, L., and Straaten 

Pos toPerative Hypoventilation der Lungen, Klin. Wchnschr. 10:1952 (Oct. 17) 


a. Elliott, T. R„ and Dingley, L. A.: Massive Collapse of Lungs After 

0^° P r ,0nS ’ PT* 1:1305> 1914 ’ Coryllos > P - N - and Birnbaum, G. L.: 
r elite Massive Atelectasis of the Lung, Arch. Surg. 16:501 (Feb.) 1928 

sis: » i L ’ and Lindskog, G. E.: Obstructive Pulmonary Atelecta- 

(Dec) 1930 Pathogenesis and Clinical Management, Arch. Surg. 21:1195 
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is common in conditions involving- the wooer nart n ua 
nllnwprl fu«„ 4 • h p P er P art of the abdomen 

a I owed tune foi an adequate preoperative examination. A history was 

taken untlt particular attention to respiratory and cardiac illnesses and 
to colds, Sinusitis and dental or gingival infections. The physical exami- 
nation was made with especial attention to the thorax and thoracic 
organs. Roentgenograms were made with the patient in bed in a 
position similar to that to be assumed after operation. 7 The technic 
was such s that the tube-plate distance, the length of exposure and the 
direction of the rays were standardized and thus allowed comparison of 
successive roentgenograms. The physical and roentgenographic exami- 
nations were repeated every two to four days after operation for a 
period of two weeks, or until no further changes were noted. 

Symptoms and Physical Findings — The clinical data for the whole 
group of patients are summarized in table 1. Except for one appen- 
dectomy the operations were performed on the upper part of the 
abdomen. The anesthetic employed was ether alone or ether preceded 
by nitrous oxide and oxygen, with the exception of one case in which 
avertin was administered recta I iy. Unless otherwise stated all the 
abnormal symptoms and physical signs appeared within four days after 
the operation. Most of the symptoms were observed on the second or 
third postoperative day. 

Symptoms referable to respiratory disease were usually of slight 
degree, such as cough, sputum, fever or a feeling of “catching cold.” 

In six patients cough developed; in four the cough was productive. 

A postoperative rise in temperature, for which the operation itself may 
have been partly responsible, was present in all and varied considerably 
in duration. It is noteworthy that in five instances the patient described 
the subjective symptoms during his postoperative course as similar to 
those accompanying “catching cold.” This did not refer to the char- 
acteristic symptoms of coryza, which could not be found on examina- 
tion of the nose and pharynx, but probably had to do with irritation 
of the nose and throat and with general malaise. Striking symptoms 
usually associated with pneumonia were rare. Pain in the chest was 
noted in only one case eight days after operation and gave rise to the 
diagnosis in infarction of the lung. Cyanosis was present in one severe 
case of bronchopneumonia. Chills did not occur in any case. 

In contrast to symptoms, physical signs of pulmonary changes were 
present in all the patients in varying combinations and in varying degree. 
They ranged from an elevation of the diaphragm with corresponding 
physical signs to signs of a well marked collapse of a lobe or of a wc 

mutable roentgenographic apparatus was ttsed for * % 
of ns (B. F. S.) through the courtesy of Dr. P. F. Butler, radioiog 

Boston City Hospital. 

8. Steele, Brandt F. : To be published. 
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defined bronchopneumonia. Elevation of the diaphragm was the most 
constant change, appearing postoperatively in all the patients. It was 
best recognized and measured in roentgenograms. It gave rise to 
dulness and scattered transient rales at the bases of the lungs posteriorly. 
In addition to signs readily ascribed to the elevated position of the 
diaphragm, other signs of pulmonary changes were frequently present. 
Rales were found in nine cases, dulness in six, diminished breath sounds 
in four and bronchial breathing in six. Patchy roentgenographic 
shadows appeared postoperatively in six cases and diffuse haziness of 
the lung in three. A similar high incidence of physical signs of pul- 
monary and diaphragmatic changes has been noted by other observers 
following operations on the upper part of the abdomen. 0 


Diagnosis . — A diagnosis of the thoracic condition was readily made 
in certain cases (table 1). In four cases nothing more than an eleva- 
tion of the diaphragm with corresponding physical signs was observed 
(cases 1, 2, 3 and 13). These patients were said to have “hypoventila- 
tion,” after the suggestion of Muller, Overholt and Pendergrass. 43 
They represent the group with the minimum of postoperative pulmonary 
changes observed in the whole series of sixteen patients. In two other 
cases outspoken symptoms and signs of pulmonary complications were 
noted : lobar collapse in case 7 and bronchopneumonia in case 10. These 
two cases represent the maximum of postoperative changes observed. 
It is possible that only cases of maximum severity, such as the latter 
two, have been noted by observers who have determined the incidence 
of postoperative pulmonary complications. Two cases out of a total 
of sixteen represent only a slightly greater frequency than the 10 per 
cent quoted as the usual incidence. Owing to close observation in the 
present series, however, definite roentgenologic evidence and physical 
signs of less severe respiratory complications were found in nine other 
patients. Two of them had a mild bronchitis, one had a collapse, two 
had a combination of collapse and bronchopneumonia and one had a 
combination of infarction and bronchopneumonia. The diagnosis was 
more difficult in four of the cases. Three of these were finally called 
bronchopneumonia because of the physical findings listed in table 1 

(cases 12, 14 and 15). Thus the incidence of postoperative pulmonary 
complications was eleven out of sixteen, or 69 per cent. 

The fourth patient (case 16), who showed a persistent fever, eleva- 
tion and fixation of the right half of the diaphragm and obliteration of 
the right costophrenic sinus, probably had subphrenic peritonitis due to 
escape of bile or other material at operation. 


3 khard H " and Vea1 ’ - L Ross: The Incidence, Character and 

n T al ^ hysical Signs in the Chest Occurring After Major 

E cal Operations, ><e\v England T. Med. 208:242 (Feb. 2) 1933. 



Table 1.-— Summary of Clinical Data 
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ARCHIVES OF SURGERY 


REPORT OF CASES 

1 he following report of cases gives the complete description of 
four cases m which pulmonary findings were characteristic and relatively 
unmodified by unrelated conditions. 

, C . A a SF ' V -' a man ' a 2 cd entered the hospital complaining 

of intermittent pain in the right upper abdominal quadrant and vomiting. He had 
had a chrome productive cough for thirteen years. Physical examination revealed 
dental canes, oral sepsis, slight inflammation of the pharynx and numerous fine 
moist rales in the bases of the lungs posteriorly. Roentgenograms showed promi- 
nent trunk markings toward the bases but were otherwise negative. 

A diagnosis of cholecystitis was made. Cholecystectomy was performed under 
ether anesthesia, lasting one and a half hours. Induction of anesthesia was diffi- 
cult owing to marked excitement. The patient’s respirations were? irregular, and 
lie was slightly cyanotic. 

Postoperative Course. — On the first postoperative day the temperature rose to 
101.4 F., and the pulse rate was 136. The patient was unable to cough because 
of pain in the wound. Moderate distention was present. The breath sounds were 
loud and harsh anteriorly and in the right side of the chest posteriorly. A roent- 
genogram showed patclw shadows at the bases of both lungs. The diaphragm was 
elevated 6 cm. on the right and S cm. on the left. On the second day the distention 
was more severe. Bronchial voice and breath sounds were heard at the bases of 
both lungs, and medium-sized and fine moist rales were heard throughout the 
chest. By the fourth day the respiratory rate had risen to 40. The physical signs 
remained the same. The cough was productive of a thick purulent sputum. Roent- 
genograms showed extensive patchy shadows at the bases of both lungs. On the 
fifth day the temperature was 101.6 F., the pulse rate 130 and the respiratory rate 
40. Breathing was labored and grunting, and distention was marked. Cyanosis 
appeared. Dulness, rales and bronchial breath sounds were present at the bases 
of both lungs. On the evening of the fifth day the temperature, pulse rate and 
respiratory rate rose rapidly, and the patient died. Permission for autopsy was 
not obtained. 

Bacteriologic Observations . — A pneumococcus of type XVII was cultured from 
the pharynx before operation and again on the third day postoperatively. On the 
fourth day pneumococci of type III were cultured in large numbers from the 
sputum and pharynx. Blood cultures on the fourth and fifth days were negative. 

Comment . — In this patient severe bilateral bronchopneumonia developed on the 
third day after operation and led to death on the fifth day after operation. Chrome 
bronchitis and oral sepsis were probably significant predisposing factors. I ie 
progress of the surgical condition was also stormy. The type III pneumococcus 
first appeared and predominated in the sputum and pharynx coincidents y 
the appearance of pneumonia. 

Case 11. — History. — A. B., a white widow, aged 66, entered the hospital com- 
plaining of chronic gastric distress. A diagnosis of operable carcinoma o 
stomach was made. The patient was subject to frequent shgit co s an C( j 

attack of bronchitis three years before admission. Physical exammatio: 
that the lungs were clear and the mouth and throat normal. avertl * n 

A partial gastrectomy was performed under rectal ad ™" 1S and a sma U 
as a basic anesthesia, with n.trous ox.de and oxygen for one o.w ^ ^ 
amount of ether for ten minutes. The operation lasted two 

minutes. 
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Postoperative Course .— The patient felt quite comfortable for the first two 
postoperative davs. The right half of the diaphragm was elevated 5.5 cm., the 
left 4 cm.; both 'sides were mobile. A few scattered rales were heard at the bases 
of both lungs posteriorly. On the third day the patient felt as though she had 
“caught cold,” and coughed up thick, glairy, grayish sputum. The temperature, 
which had dropped to near normal, rose to 103.S F. and the pulse rate to 120. 
The breath sounds were harsh, and a few rales were heard in the bases posteriori) . 
On the fourth day the physical signs were the same, but a roentgenogram showed 
patchv shadows in the bases of both lungs and a diffuse clouding of the entire 
right side of the chest. The temperature and pulse rate returned to normal. On 
the following day, in addition to the rales, dulness and harsh breath sounds with 
a bronchial quality were noted at the base of the right lung posteriorly. The 
cough, sputum, physical signs and roentgenographic shadows gradually disap- 
peared, and the patient had recovered from the pulmonary complication by the 
tenth postoperative day. She was discharged on the twenty-second postoperative 
day with the surgical condition improved. 

Badcriologic Observations . — No respirator)’ pathogens were cultured from the 
pharynx before operation or on the first postoperative day. A pneumococcus of 
type XXXI was cultured from both the pharyngeal swab and sputum on the third 
day, from the sputum on the fourth day and from the pharynx on the twelfth and 
fifteenth days. No pneumococci were found on the seventh and eighteenth days 
or on two occasions six weeks and five months after operation. 


Comment . — The respirator)- symptoms of postoperative pulmonary- collapse and 
bronchopneumonia were remarkably slight, and the physical signs were much less 
than might have been expected from observation of the roentgenograms. A pneu- 
mococcus appeared in the sputum and pharynx coincidentally with the postopera- 
tive pulmonary complication. 

Case 6. — History. — M. Di R., an Italian woman, aged 37, was admitted with 
a story- of severe abdominal pain, nausea, vomiting, poor appetite and jaundice for 
one month. Moderate tenderness and voluntary spasm were found in the right 
upper quadrant of the abdomen. 


Physical Examination . — The patient was moderately obese and did not appear 
acutely ill. Her incisor and canine teeth were quite carious, and pyorrhea was 
marked. The examination of the chest showed no abnormal findings. 

Operation . — Cholecystectomy was performed, revealing acute subsiding chole- 
cystitis and cholelithiasis. A transduodenal incision into the ampulla of Vater was 
made for removal of a large irregular stone. Nitrous oxide and oxygen were 
used for the induction of anesthesia and were followed by ether, of which 11 ounces 
(342.14 Gm.) was used. The anesthesia lasted forty minutes, and the operation 
thirty-three minutes. The course of the anesthesia and operation was uneventful. 


_ Postoperative Course.— On the first day after operation the patient complained 
ot abdominal pain; the temperature rose to 102 F. and the pulse rate to 120. 
Roentgenograms showed diffuse clouding of the left side of the chest with nar- 
rowing of the left intercostal spaces and bilateral elevation of the diaphragm. On 
the second day a relatively smaller size and decrease in the breath sounds in the 
left side of the chest were noted. On the third postoperative day the medias- 
tmum was seen at the left of the midline in a roentgenogram taken at the height 
ot inspiration. Gastro-intestinal complaints were not present after the third day. 
w temperature and pulse rate decreased gradually and were normal on the 
VC 1 P° sto perative day, and the physical signs and roentgenologic changes dis- 
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rr™!, tx't.": pa,iM ™ s «» ^ 

of ' - tad ia - 

JZT^ diag r iS f C ° llapSe ° f the !eft iun S was obvious in this case, 
! , was apparently no bronchopneumonia. The postoperative course, with 

the exception of the physical findings, was not such as to arouse suspicion of a 
pulmonary complication. A pneumococcus of type XIV was persistently present 
in the pharynx-. 


Case 3.— History.— M. D., an Irish housewife, aged 52, was admitted to the 
hospital on Feb. 15, 1933, complaining of abdominal cramps and pain for two 
months accompanied on one occasion by a shaking chill. 

In the past the patient had had frequent colds with sore throats and hoarseness. 
These ceased two years before admission. During the present illness of two 
months the hoarseness reappeared occasionally. 

Physical Examination. — The tonsils were slightly large but not inflamed. The 
right anterior faucial pillar was quite red. No teeth other than two carious lower 
canines and four lower incisors were present. All these were surrounded by 
pyorrheic gums. The heart was moderately enlarged, the apex being 12 cm. to 
the left in the fifth space. A soft blowing systolic murmur was present at the 
apex. 


Operation . — An exploratory laparotomy and cecostomy were performed. A 
mass was palpated in the sigmoid colon, and multiple metastases were found in 
the peritoneal coats of the intestines and lymph glands. Ether was used as the 
anesthetic; 7 ounces (217.7 Gm.) was required during sixty minutes. During the 
anesthesia the pulse rate rose gradually from SO to 120 and the respiratory rate 
rose to 52 in the first ten minutes, remaining about 50 until the close of the opera- 
tion when it fell to 38. The operation lasted forty-five minutes. The cecostomy 
was performed forty-eight hours after the initial operation. 


Postoperative Course . — During the first twenty-four hours after operation 
severe gas pains and slight distention were present; the breath sounds were fainter 
than normal in the right side of the chest; the temperature was 100 F. and the 
pulse rate 104. The results of roentgenologic examination were negative, except 
for marked elevation of the right side of the diaphragm and slight elevation of 
the left. Indigestion persisted for six days, the diminished respiration in the right 
side of the chest for seven days, the elevation in temperature for four days and 
the increase in pulse rate for one day. The diaphragm resumed its normal position 
on the fourteenth postoperative day. The patient was discharged on the twenty- 
first postoperative day unimproved. 

Bacteriologic Observations— Ho pneumococci were found in the sputum on 
three preoperative and on four postoperative examinations. 

Comment . — The only noteworthy findings were the elevation of the right side 
of the diaphragm and the diminished breath sounds. A diagnosis of hjpoventi ation 
was made. No respiratory pathogens were found. 


These four cases illustrate pulmonary complications that are rela- 
tively common after operations on the upper part of the abdomen. 
They range from conditions that may be considered as pbjsio 
alterations to definite pathologic changes and include variations c « 
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these extremes. During the progress of this work other pulmonary 
complications were observed in patients who were not studied before 
operation. These included lobar pneumonia, pulmonary abscess, encap- 
sulated pleural effusion, collapse of a lobe of the lung with explosive 
onset, acute infection of the lung with organisms of the Bacillus Welchii 
group, pulmonary embolism and localized edema of the lung associated 
with carcinomatosis and phrenic exeresis. Such conditions are relatively 
infrequent and depend on the presence of unusual circumstances. The 
present report is confined to the milder changes that occur in some 
degree following most or all operations on the upper part of the 
abdomen and the most common pulmonary complications. 


BACTERIOLOG1C OBSERVATIONS 

Methods . — Repeated examinations of the pharyngeal flora were 
made, in the majority of cases on three occasions before operation and 
at intervals of from one to four days postoperatively. A cotton swab 
was passed over the nasopharynx and tonsils and placed in 5 cc. of 
dextrose blood broth which was shaken vigorously. The broth was 
cultured at once on the surface of poured blood agar plates. The broth 
and swab were incubated at 37 C. for two hours, and 0.5 cc. was 
injected into the peritoneal cavity of a white mouse. Respiratory 
pathogens were isolated in pure culture for identification. The sero- 
logic type of each strain of pneumococcus was determined by means of 
agglutinating serums specific for thirty-one types. 10 

Results of Bacteriologic Examinations . — A summary of the organ- 
isms isolated from the pharyngeal secretions and sputums in the sixteen 
cases studied clinically is given in table 2. The respiratory pathogens 
most frequently found were various types of pneumococci. Other sig- 
nificant organisms were the beta hemolytic streptococcus, Friedlanders 
bacillus (Encapsulates pneumoniae) and a nonspecific, mouse-virulent 
alpha hemolytic streptococcus. Table 2 also shows the relationship 
between the presence of these respiratory pathogens and the occurrence 
of pulmonary complications. 

In regard to the presence of respiratory- pathogens three groups of 
cases may be distinguished : 

1. One group (cases 1, 2 and 3) which showed no pneumococcus at 
any time. These patients all manifested the minimum of postoperative 
pulmonary changes, called hypoventilation. 


10. Cooper, G.; Edwards, M., and Rosenstein, C.: The Separation of Types 
:' "’° ns Pneumococci Hitherto Called Group IV and the Development of 
erapeutic Subserums for These Types, J. Exper. Med. 49:461, 1929. Cooper 

AmonTpn'™ 1 ' C ' ’ ■ \\ al , tCr ' A t ’’ and P ? izer ’ L - : Further Separation of Types 
, • . _ eu mococci Hitherto Included in Group IV and Development of Thera- 

11 Antlscra lor These Types. J. Exper. Med. 55:531. 1932. 
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2. Six cases which showed a pneumococcus or beta hemolytic strep- 
tococcus constantly or intermittently, but with no relationship to a pul- 
monary complication. A diagnosis of pulmonary complication was made 
in each of these cases; bronchitis in cases 4 and 5, collapse in cases 
6 and 7, collapse associated with bronchopneumonia in case 8 and infarc- 
tion and bronchopneumonia in case 9. 


Table 2. — Summary of Bactcnologic Data 


Respiratory Pathogens 


Group 

Oases with 
no respira- 
tory path- 
ogens In 
pharynx 


Oases with 
respiratory 
pathogens 
in phnrynx 
not related 
to post- 
operative 
course 


Patient 

1. J. T 

2. H. 31 

3. 31. D 

4. E. F 

5. 31. 3IcL,. 


C. 31. DI R. 
7. T. J 


S. 31. 0.. 
9. 0. P.. 


Cases with 
respiratory 
pathogens 
in pharynx 
related to 
postopera- 
tive course 


10. P. V. 


11. A. B.. 

12. N. F.. 


13. E. P. • 

14. K. S... 

15. A. B.. 


16. F. W.. 


Preopcratively 

None 

None 

None 

Pneumococcus 
type XXI 

Pneumococcus 
type III, 
beta hemolytic 
streptococcus 

Pneumococcus 
type XIV 
Pneumococcus 
type XXVIII, 
type XXIII 
Pneumococcus 
type III 
Pneumococcus 
type XXIX, 
betn hemolytic 
streptococcus 

Pneumococcus 
type XVII 

None 

None 


Pneumococcus 
type XIII 
None 

None 


Bacillus mucosus- 
capsulatus 


Postoperatively 

None 

None 

None 

Pneumococcus 
type XXI, 
type XIX-XXIX 
Pneumococcus 
type III, 
type XXI, 
beta hemolytic 
streptococcus 
Pneumococcus 
type XIV 
Pneumococcus 
type X X III 

Pneumococcus 
type III 
Pneumococcus 
untyped, 
betn hemolytic 
streptococcus 

Pneumococcus 
type XVII, 
type HI 
Pneumococcus 
type XXXI 
Pneumococcus 
type VI, 
type XIV, 
type XVI 
Pneumococcus 
type XX 
Pneumococcus 
type XX 
Alpha hemolytic 
streptococcus 
(mouse-virulent) 
Pneumococcus 
type XIX, 

B. mucosus- 
capsulatus 


Diagnosis 

Hypoventilation 

Hypoventilation 

Hypoventilation 

Bronchitis 

Bronchitis 

Collapse of left lung 
Collapse of right lung 

Collapse of right lung, 
bronchopneumonia 
Infarction of lung, 
bronchopneumonia 

Bronchopneumonia 


Collapse of right lung, 

bronchopneumonia 

Bronchopneumonia 


Hypoventilation 

Bronchopneumonia 

Bronchopneumonia 

Subphrenlc abscess 


3 A -roup of seven cases in which a pneumococcus or, j one 
:ance, a° mouse-virulent alpha hemolytic s ‘ re P'°“ c<: “ of ttesc a 
ration coincidentally with pulmonary c ang • ^ | )ol]l before 

is found. 
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Bronchopneumonia was present in five cases of this group; severe 
pneumococcus type III pneumonia that proved fatal occurred in case 10, 
bronchopneumonia associated with collapse, in case 11, and quite mild 
bronchopneumonia, in cases 12, 14 and 15. Hypoventilation was pres- 
ent in case 13, and a subphrenic bile peritonitis was present in case 16. 

The presence of pathogenic bacteria in the upper respiratory tract 
is related in several ways to the postoperative clinical course. Patients 
without pathogenic bacteria had hypoventilation but no other evidence 
of pulmonary involvement, while most patients with pathogenic bacteria 
had signs and symptoms of pulmonary involvement other than hypo- 
ventilation. The latter group includes one patient with severe broncho- 
pneumonia due to type III pneumococci. The conclusion may readily 
be drawn that the pulmonary signs were the result of the presence of 
the micro-organisms, and the severity of the pulmonary lesion rvas pro- 
portional to the virulence of such organisms. 

Other interesting aspects of the bacteriologic observations require 
comment. Case 5, in which the type III pneumococcus was present 
constantly in the pharynx may be compared with case 10 in which a 
fatal type III bronchopneumonia occurred. In the former the general 
postoperative reaction was slight, and the patient’s temperament was 
such that he did not rest quietly in bed longer than he was forced to 
by the anesthetic and medications. In the latter patient abdominal pain 
and distention were evident after operation, with a resulting limitation 
of changes in position and of respiratory excursions. He also had a 
marked chronic bronchitis with purulent sputum. The type III pneumo- 


coccus was not found before operation but appeared after operation at 
the onset of definite pneumonia. The modifying influence of bronchial 
drainage, assisted by frequent changes in position, on the severity of 
postoperative complications in the presence of virulent organisms is 


suggested by this comparison. The preexisting infection in the bronchi 
and lung may have been an important deleterious influence in the case 
in which bronchopneumonia developed. 

In tables 1 and 2 a general relationship may be observed between 
the presence of respiratory pathogens and chronic infection of the upper 
respiratory tract, and to a lesser extent between these organisms and 
recent acute infection of the upper respiratory tract. There is also a 
similar association between the presence of chronic nasopharyngeal and 
rcnchial infection and postoperative pulmonary signs and symptoms. 

atients with collapse of portions of the lung are included 
Miong those from whom pneumococci or other pathogens were obtained. 

" 1C most severe case of collapse, case 7 , a chronic bronchitis with 
-ome asthmatic manifestations was noted before operation. In this 
Patient the connection between the chronic infection and the appearance 
of lobar collapse of the lung due to plugging of a bronchus is apparent 
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Metastatic carcinoma of the Jungs 


— — * ui me iungs was an important complication 
three cases. In case 9 the primary carcinoma was in the splenic 
flexure of the colon. This patient had signs of bronchopneumonia in 
ic light side of the chest which were evident only when he lay on 
ns left side and which disappeared when the right side of the chest 
was dependent. Successive roentgenograms showed first shadows -at 
the bases of both lungs, later diffuse mottling of both pulmonary fields, 
and before death partial clearing of both pulmonaiy fields. At autopsy 
gross examination showed chiefly congestion of the lungs, but micro- 
scopic examination showed diffuse patches of bronchopneumonia and 
widely disseminated collections of tumor cells in pulmonary lymphatics. 
Streptococcus haemolyticus was recovered from the blood stream. In 
another patient, not included in this series of sixteen, who had car- 
cinoma of the stomach, the physical signs of lobar pneumonia appeared 
at the base of the right lung following right phrenic exeresis and 
exploratory laparotomj^. Autopsy showed a firm, relatively bloodless 
sharply localized area of edema at the base of the right lung. Micro- 
scopic examination confirmed the presence of marked edema and showed 
small collections of tumor cells throughout the lymphatics of both lungs. 
In a third patient (case 8) with carcinoma of the stomach bilateral 
bronchopneumonia developed after operation. He was discharged 
against advice on the twenty-second postoperative day with persisting 
pulmonary infiltration. In the two cases that came to autopsy the micro- 
scopic lymphatic pulmonary metastases may have been in part responsible 
for the Streptococcus haemolyticus bronchopneumonia with bizarre 
signs in one and for the localized edema in the other. A similar condi- 
tion may have been responsible for the persisting signs in the third 
case. Patients operated on for carcinoma of the stomach or of the 
upper part of the colon must be considered as a special group in regard 
to the development of pulmonary complications. 

If the nasopharyngeal pathogenic micro-organisms had regularly 
been found before operation the course of events would be much 
clearer. Autogenous infection probably through aspiration could be 
assumed. But in seven of these cases the pathogenic micro-organisms 
appeared in the pharynx or sputum coincidentally with the signs of pul- 
monary disturbance. Repeated examinations before operation^ by a 
technic designed to isolate even small numbers of relatively avirulent 
pneumococci insure that they were absent from the pharynx at tie 
time or hidden in inaccessible parts of the upper respiratory tract. e 
number of cases in which new organisms appeared indicates that i 
was not a coincidental observation due to the normal shifting of pneu~ 
mococcic strains. The relationship of this observation to the : pa 
genesis of the pulmonary complications and the source of the g 
will be discussed later. 
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COMMENT 

The high incidence of physical signs and roentgenographic changes 
observed by frequent examinations of lungs and thorax in this group 
of sixteen cases is not surprising in view of the similar findings of 
Muller, Overholt and Pendergrass, 43 and of Overholt and Veal. 0 The 
frequency of pulmonary changes following operations on the upper 
part of the abdomen has also been shown through studies on vital 
capacity, 11 through studies of the volume of air spaces in the position 
at the end of tidal expiration, 43 through studies of the respiratory move- 
ments 46 and through studies of the postoperative elevation of the 
diaphragm. 12 

The interpretation of the nature of these changes is obvious in 
cases in which the physical signs were clearly those of an elevated posi- 
tion of the diaphragm or of other limitation of respiratory movements. 
It was also obvious in cases that presented clearcut evidence of changes 
such as collapse or bronchopneumonia. In some of the cases, however, 
the signs were slight and transient. They might have been due to com- 
pression of the lung alone, to circulatory changes in the lungs, to exces- 
sive bronchial secretion, to aspiration of oral and pharyngeal secretions, 
to bronchial obstruction and collapse or to infection. It is possible that 
all these factors are active in varying degrees at different times. In 
this study the pulmonary changes have been named according to the 
conventional terminology, bronchitis, collapse or bronchopneumonia, 
implying the presence of certain of these factors. It is believed that 
approximate justice has thus been done to all the factors listed, with 
the possible exception of circulatory changes about which little infor- 
mation is available. 

The pathogenic micro-organisms found in the pharynges and 
sputums of the patients in this series were those which one would 
expect in any group of normal persons, with the exception of the post- 
operative appearance of new strains. Several investigators have 
determined that pneumococci are found in the throats of one half of 
normal persons on a single examination, and as the number of exami- 
nations and the period of time over which they extend are increased, 
the proportion found to harbor pneumococci is also increased to nearly 
100 per cent. 13 Some persons carry pneumococci persistently, others 

11. Powers. 4b Churchill and McNeill. 40 

12. Allen. 41 Breuer. 4 s Klotz and Straaten. 4b 

13. Dochez, A. R., and Avery, O. T. : The Occurrence of Carriers of Disease 

Producing Types of Pneumococcus, J. Exper. Med. 22:105, 1915. Powell, J. P.; 
Atwater, R. M„ and Felton, L. D. : Pneumococcus Carriers Among Four Groups 
ot Persons Over a Period of Months, Am. J. Hyg. 6:570 (July) 1926. Gundel, 
- and mden, H. : Die Flora der Mundhohle Gesunder und ihre Bedeutung 
Hir ic pathogenese Erkrankungen der Athmungsorgane, Zentralbl. f Bakt 
(AM. 1) 121:349, 1931. ' 
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only at intervals and a few very rarely. 14 More than 
present at one time, and changes in the strain that T present occur 
frequent 1 }'. Other organisms, such as beta hemolytic streptococci and 
b 1 iedlander s bacillus, are less often present. 

The significance of the observation of pulmonary changes and 
pharyngeal flora in the present series of cases after operations on the 
upper part of the abdomen lies in the apparent relationship between 
the two. Patients who had no respiratory pathogens in the pharynx 
had the least pulmonary changes, and those who harbored such organ- 
isms showed thoracic signs of varying degrees. A further relationship 
between the pharyngeal flora and the postoperative pulmonary changes 
consists in the simultaneous appearance of postoperative pulmonary 
changes and a given strain of pneumococci that was not found pre- 
operatively. Although such relationships have not been shown in any 
previous studies on postoperative pulmonary complications, no data 
have been reported that can be interpreted as contradictory. Whipple 3a 
and Cleveland, 3b working with a similar plan, but without the advan- 
tage of ready prepared serum for many specific strains of pneumococci, 
found that in a few patients there developed specific antibodies for a 
strain of pneumococci present before and after operation, but in the 
greater number of their cases there developed antibodies specific for a 
pneumococcus present only postoperatively. Moreover, their cultural 
results as a whole showed a greater frequency of pneumococci in the 
pharynx after operation than before. In regard to the organisms present 
in the lesion, the observations of Whipple Sa at autopsy in seven cases 
and those of Gundel 30 by pulmonary puncture in seventeen cases and 
at autopsy in thirty-four cases show the frequent presence of pneu- 
mococci. Such studies indicate the importance of pneumococci in well 
marked postoperative pulmonary lesions. The present data indicate a 
similar relationship in the milder, more frequent lesions. 

The appearance after operation in slightly less than half of the 
. cases of strains of pneumococci that were not present before operation 
brings up the question of their source. It is, of course, possible that 
they were present in the pharynx before operation, but in such sma 
numbers or hidden so deeply in foci of infection that they u ere n° 
found by the methods used. They may then have been mobilized y 
the secretions under narcotics or anesthesia, or they may have oun 
conditions especially suitable for their proliferation. As altcrnam 
sources may be mentioned: (1) contact infection in the wards, and ( 
mutation from rudimentary or rough forms of the same organ 

14. Webster, L. T., and Hughes, T. P.: Incidence and S^ead of^Pneum^ ^ 
in Nasal Passages and Throats of Healthy Persons, J. xp • - 
(April) 1931. 
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From these observations it is apparent that infection by organisms 
common in the nose and throat is of importance in postoperative pul- 
monary complications. Changes in the physiology of respiration and 
circulation following operation are probably related to bronchitis, 
bronchopneumonia and collapse to the degree that they favor the 
penetration of micro-organisms in the lower respiratory tract and inter- 
fere with their subsequent disposal. An understanding of such rela- 
tionships is necessary for the development of prophylaxis and therapy 
based on physiologic procedures. Measures directed against the invad- 
ing micro-organism may also be considered. The study of the respira- 
tory flora, its virulence and the immune reactions of the patient may 
point out certain patients who are particularly liable to severe infections. 
In certain circumstances, the use of immunizing methods based on pro- 
cedures such as those developed by Felton 13 and Ross 10 may be of 
value. 

SUMMARY AXD CONCLUSION'S 

Sixteen cases were studied before and after abdominal operations 
with regard to the development of postoperative pulmonary complica- 
tions and to the presence of respiratory pathogens in the pharynx and 
sputum. A high incidence (69 per cent) of pulmonary complications 
was found. Three patients without pathogenic organisms in the pharynx 
before or after operation had the least changes in the lungs. Of the 
remaining thirteen patients with pathogenic organisms in the pharynx, 
eleven had postoperative pulmonary changes greater than the minimum. 
In seven cases a strain of pneumococci not recovered before operation 
appeared postoperatively as part of the postoperative reaction. 

The presence of relationships between postoperative pulmonary com- 
plications and the pharyngeal flora indicates an avenue of approach to 
the study of such complications that holds promise for the development 
01 Practical prophylactic methods. 

Mrs. Mildred Barnes gave technical assistance in this investigation. 

• w’ T- D-; Sutliff, W. D., and Steele, B. F. : Antigenic Characteristics 

Tnf Certain Products of the Pneumococcus: Comparison with Vaccine, T. 

H'lect. Dis., to be published. 

.^••^^ral Immunization Against the Pneumococcus, J. Exper. Med. 



SENILE OSTEOMALACIA 

REPORT OF A CASE 

SAMUEL KLEJNBERG, M.D. 

NEW YORK 

Porosity of bone is a frequent sequel in many pathologic states. It 
niay be found in a single bone or in many bones in the same patient, 
t is, however, seldom a primary lesion causing local pain and deformity. 
I he etiology of atrophy of bone is usually apparent, and can be classi- 
fied readily under one of the following headings: (1) disuse, (2) 
neurogenic, (3) endocrinologic or (4) nutritional. The case reported 
heie is unusual because: 1. The atrophy of bone was limited to the 
spinal column and pelvis. 2. The etiology was obscure. 3. The soften- 
ing of the vertebral bodies resulted in a painful posterior curvature of 
the spine. 4. Rest on a convex frame yielded complete relief. 


REPORT OF A CASE 


Mrs. Rose Y., 65 years old, was admitted to my service at the Israel Zion Hos- 
pital, Brooklyn, because of increasing: pain and deformity of her back. She bad 
been under observation in the dispensary for about two years. During this period 
the backache, which was not preceded by a known injury or illness, but began 
insidiously, continually increased in severity. At the same time her back became 
kyphotic and her height noticeably diminished. The symptoms finally reached a 
point at which the patient was practically totally incapacitated. The pain was 
in the lower dorsal region, and radiated to the left side of the abdomen. 

Examination revealed an elderly, fairly well nourished woman, who stood and 
walked without assistance. She presented kyphosis of the spine, most marked at 
the dorsolumbar junction. There were flattening of the chest, prominence of the 
lower portion of the abdomen and a horizontal crease across the upper part of the 
abdomen indicative of fixed flexion of the spine. The movements of the spine 
were markedly restricted, and there was spasm in all the muscles of the back. 
Pressure over the spine, especially between the eighth dorsal and the second 
lumbar vertebrae elicited marked tenderness. There were periarticular thickening 
in the fingers and moderate limitation of the motions of the shoulders. The 


physical examination revealed no other abnormalities. 

Roentgenograms showed extensive pathologic change in the vertebrae and pelvis, 
but none in the skull or extremities. 

The most conspicuous change was severe atrophy of the vertebrae («£■ /» 

most marked in the dorsal region, with deformity of certain of the dorsal bodies. 
There was a short curvature to the left at the dorsolumbar junction and to t ie 
right in the midlumbar and lower lumbar areas. There was wedging of t > c 
vertebrae involved in the curvatures. The seventh, ninth and eleventh ( ora 
vertebrae were markedly reduced in their vertical diameters. The fir. 
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vertebra was misshapen. The outlines of all the vertebrae, except those at the 
dorsolumbar junction, were clearly visible, but there was marked thinning of the 
cortical and cancellous bone. The intervertebral disks on both sides of the seventh 
and ninth dorsal vertebrae were increased in size and were biconvex. Between 
the tenth dorsal and the second lumbar vertebrae the disks were reduced in size 



01 f V '"' br " is There are a slight 
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eleventh dorsal vertebra with ann !i d 3 , marked wed S e deformity of the 
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The seventh dorsal vertebra was compressed so that its vertical diameter was 
scarcely more than a fourth of normal size. The greatest compression was through 
the center. The borders of the body were distinct, but thin; the upper border was 
mildly concave, the lower border markedly so. The cancellous tissue was rarefied. 
The posterior arch and the spinous process bad a denser consistency. The ninth 



Fig. 2. — The osteoporosis is very evident, particularly as 
spine. Note tl.e marked reduction in ,he J"' ,cal d f he intervertebral 

ninth dorsal vertebrae and the biconvex chart, < ' comp l c ,e dis- 

disks . 

» ** anteroposterior diameters. 

dorsal vertebra showed the same alteration in on® Tl « 
S'tflie"". Setose posteriorly, and o, tbe norma, 
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height, with the apex in front, the anterior half of the body being reduced to a 
narrow amorphous mass. It appeared to be fused with the tenth dorsal vertebra. 
The texture of the bone was denser than that of the adjacent vertebrae. The 
tenth and twelfth dorsal vertebrae appeared to be elongated in their anteroposterior 
diameters, which were twice the length of the vertical diameters. The anterior 
borders of the bones were irregular. The sixth and eight dorsal vertebrae were 
smaller than normal and greatly atrophied. 

In the pelvis was extensive irregular rarefaction of the ischium and pubic bones 
on both sides, but without deformity. 

The urine and blood were normal except for lymphocytosis. The blood calcium 
and phosphorus values were normal, and the test of the basal metabolism rate 
yielded a normal figure. 

COMMENT 

The most difficult problem in this case related to the etiology of the 
atrophy. A malignant process was evidently not responsible for the 
osseous changes, for (1) there was no primary focus anywhere in 
the body, (2) the lesion in the spine had existed for two years without 
impairment of the general health and without cachexia, and (3) the 
pain in the back was not as intense or as unyielding as that customarily 
experienced in a metastatic malignant process in the vertebrae. Hodg- 
kin’s disease was excluded by the blood cell picture. The normal values 
for blood calcium and phosphorus eliminated the possibility of tumor 
or disease of the parathyroid bodies, and the normal basal metabolic 
rate precluded dysfunction of the thyroid gland as a cause of the osseous 
pathologic process. 

The clinical examination revealed no neurologic disturbances in the 
cerebrospinal system which could induce atrophy of bone. 

Disuse as a basis for the osteoporosis may be dismissed from con- 
sideration, because the patient, despite the pain, was able to get about 
considerably, walking and working every daw 

Thus, by a process of exclusion, my colleagues and I were compelled 
to conclude that the disease of the spine was nutritional or metabolic. 
The demineralization progressed to such a degree that it caused a partial 
collapse of certain of the dorsal vertebrae, with resultant pain and 
deformity. The nutritional upset may be considered a senescent degen- 
erative change. Why the metabolic upheaval should appear and involve 
a limited portion of the skeleton is inexplicable. 


TREATMENT 

Though the etiology was obscure, the course of treatment that of 
necessity had to he pursued was readily apparent. The patient was put 
to bed on a canvas frame. Gradually, the frame was bent into a convex 
curve. Tins term of treatment immediately provided rest to the spine 
am ,rm!nm from thc h ^ring of weight. As the curve of the frame 
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was increased the kyphosis of the spine was somewhat reduced. In 
addition, several times a day the patient received sedative doses of bak- 
ing and massage of the back. The therapy was rapidly and surprisingly 
effective. Within three weeks the pain and tenderness disappeared, 
the kyphosis was reduced, and the patient, with the support of a light 
plaster of paris jacket, was able to move about comfortably and was 
discharged. 



PREOPERATIVE IRRADIATION OF MASSIVE TUMORS 

OF THE KIDNEY 

A CLINICAL AND PATHOLOGIC STUDY 

LAWRENCE R. WHARTON, M.D. 

BALTIMORE 

The object of this communication is to suggest for consideration a 
therapeutic measure which I have found helpful in facilitating the 
removal of large malignant tumors of the kidney. I refer to the use 
of preoperative high voltage roentgen therapy for the purpose of reduc- 
ing the size of these enormous neoplasms. Although I feel sure that 
this adjunct of therapv is being introduced in some clinics, the literature 
as yet contains no specific report of it. 

I cannot present a large series of cases, as. fortunately, a big renal 
tumor is not common. Also the effect that preoperative irradiation 
has on the chance of ultimate cure cannot be reported as this can be 
determined only with the passing of years. I shall, however, show the 
direct effect that irradiation has on the cytology and gross character- 
istics of these tumors and call attention to the immediate benefit of 
this treatment in making these tumors operable. 


PRESENT STATUS OF THE OPERATIVE PROCEDURE IX REXAL TUMORS 

The treatment of renal tumors has always been unsatisfactory. Con- 
sidering malignant renal growths of all types and sizes, Judd and 
Hand 1 reported in 1929 that not more than 10 per cent of their patients 
had lived as long as ten years after nephrectomy and that few had 
survived three. In children the prospect is even more unfavorable, 
as about 90 per cent die within a year after operation (Hyman. 2 
Kretscluner and Hibbs, 3 Vollstein 4 Mixter 5 ). The ultimate results are 


From the Department of Gynecology. Johns Hopkins Medical School and 
Hospital. 

Read before the Mid-Atlantic Section of the American Urological Association 
Washington. D. C.. Dec. 13, 1933. 
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.\onh America 13:34? (April) 1933. 
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therefore very unsatisfactory, and in children particularly, in whom 
‘ ^ lumois aic the ruIe > thc outlook is practically hopeless 

After studying the collected experiences of various clinics, it seems 
to me that m the vast majority of instances, the failure to cure malig- 
nant tumors of the kidney is due to inability to remove the local growth 
completely. As a rule the disease is still localized when the surgeon 
operates. In general the history of these cases indicates that the tumor 
has been present for many months ; in the largest reported series in 
this country, the average duration of preoperative symptoms had been 
two years. And yet none of these patients had any evidence of 
metastasis before operation. Too frequently after nephrectomy or 
exploration, however, there is a rapid local recurrence with a shower 


of distant metastaseS. Why is it so difficult to remove these tumors 
success full)'? 

Disregarding the important element of operative skill and experi- 
ence, surgeons agree that the most serious technical difficulties are the 
size of the tumor, the thinness of the capsule, the extreme vascularity 
and friability of the mass, the invasion of perirenal structures, exten- 
sion into the renal vein and the general condition of the patient. Sur- 
geons encounter these handicaps usually in big tumors, for the risk in 
removing a small hypernephroma, no larger than an orange, is hardly 
greater than that in a nephrectomy for any other reason, probably not 
more than 5 per cent. But the mortality that accompanies the removal 
of massive tumors is so terrific that, even though large growths consti- 
tute less than half of the total number, the operative mortality of the 
whole group varies between 15 and 30 per cent. 

Nor does this tell the whole story, for in every reported series a 
number of cases are found in which nephrectomy was attempted but 
abandoned because it proved to be too formidable a procedure. These 
cases are not included in the recorded instances of nephrectomy. The 
reports of Swan, 0 Hunt, 7 Wollstein 4 and others showed that the cases 
thus listed as instances of exploratory operations varied between 12 and 
26 per cent. In 1933, Hyman 2 stated that the attempt to remove 
tumors which they formerly dared only to explore doubled their death 
rate. Furthermore, in another 5 or 10 per cent, no operation whatever 
was attempted because of metastasis or the extent of the local growth. 

Not only is the size of the tumor the chief cause of this forbidding 
immediate mortality; it also definitely increases the number of local 
recurrences, in that many of these big tumors are broken during then- 
removal, thus scattering bits of hypernephroma throughout the woum . 


6 Swan R H J : New Growths of the Kidney, with Analysis of Sixty- Five 

Cases! lr*M J. 1:606 (April 8) 1933. 

7. Hunt, V. C. : Factors of Importance in the Surgical Treatment ot - 'A 
nant Renal Tumors, Urol. & Cutan. Rev. 36:291, 1932. 
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Thus, Judd and Hand 1 stated that in exactly one third of their three 
hundred and twelve nephrectomies for hypernephromas of all sizes, the 
capsule of the tumor was ruptured. The fact that practically all late 
deaths are due to a rapid local recurrence in the wound is sufficient 
evidence on this point. Also the excessive manipulation of large tumors 
during their removal favors metastasis, particularly when the renal 
vessels are not ligated early in the operation. 

In general, then, of all patients who on presentation have had 
renal tumors, from 5 to 10 per cent have been refused any operative 
treatment because of metastasis or the extent of the local growth ; 
from 12 to 26 per cent have had only exploratory operations; from 
15 to 30 per cent have died of operative shock, and of the remainder, 
less than 10 per cent have been permanently cured. 

With these experiences fresh in the memory of every one who has 
experienced the difficultv of removing large renal tumors or who has 
had occasion to review the literature, one is inclined to agree with 
Hyman - that “but little progress has been made in improving our 
percentage of cures." 

Up to the present time, surgeons have been powerless in attacking 
these difficulties. It is true that they have learned the value of repeated 
transfusions of blood in building up the general condition of the 
patients, for this is now universal practice. Although it has probably 
saved some lives, its value is limited and its effect transitory because 
it may be rather difficult to accomplish much in restoring strength to 
a person who has an enormous malignant tumor and who is losing 
blood in the urine almost as fast as one dares to replace it by transfusion. 

The one factor which has probably been responsible for more oper- 
ative deaths than all others combined, the size of the tumor, has 
remained beyond control until the present time ; now. however, in 
high voltage roentgen therapy, it is hoped that a means has been found 
of either eliminating or lessening this handicap. And it is my purpose 
to relate the experience of my associates and myself in trying to accom- 
plish this result. 

Roentgen therapy has been used in the treatment of renal tumors 
m several clinics, but almost exclusively after nephrectomy. Hunt. 7 
m 1932. stated that “in extensive, well advanced lesions in which 
nephrectomy is contemplated, benefit probably occurs sufficiently often 
to justify preoperative and postoperative radiotherapy." He cited no 
specific instances, however, in which preoperative roentgen therapy was 
tried. In 1931 Kretschmer and Hihbs 3 reported a series of seventeen 
cases of Wilms’ tumor in children, in one of which tliev used pre- 
operative irradiation with some benefit. The child was operated on 
tuice. At the first operation it did not seem possible that the tumor 
could he removed, and consequently, after a biopsy had been made, the 
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, ; ra . s abandoned - Roentgen treatments were then given which 
i educed the size of the tumor to such an extent that three and a half 
months later, nephrectomy was performed. Unfortunately, the child 
(hec four months afterward. Although postoperative irradiation was 
used rather frequently in this series, this was the only instance in which 
Jvi etschmer mentioned its use before operation. Neither Kretschmer 
nor Hunt seemed to find postoperative irradiation very beneficial. 

My experience with preoperative irradiation has been striking. In 
the four cases in which I have used it, the enormous tumors seemed 
to shrink almost miraculously. And this decrease in size was usually 
accomplished within three weeks. Of my cases, two presented typical 
Grawitz hypernephromas, one in a girl of 2^ years, the other in a 
woman of 51 ; the other two growths were Wilms embryomas in chil- 
dren of 3 and 16 years. The rate and amount of decrease in the size 
of these tumors are shown in the illustrations. 

By reducing the size of the tumor, the magnitude of the operation 
is greatly lessened. In addition, it is possible that this may diminish 
the likelihood of recurrence because the operation is made so much 
easier and can he clone so much more cleanly. The smaller tumor can 
be removed with little manipulation or bleeding and with a much wider 
margin. It enables the surgeon to locate and tie the renal pedicle before 
disturbing the tumor, if the operation is done transperitoneally. 

Furthermore when one examines a tumor which has been irradiated 
successfully, one cannot fail to be impressed by the extensiveness of the 
cellular destruction. Parts of the tumor consist of hyalinized tissue. In 
other areas the nuclei are small and pyknotic, the cells have lost their 
membranes, many have disintegrated, the architecture of the tumor has 
been destroyed and one gains the impression that the malignant process 
has been dealt a stunning blow. This is readily seen in the accompany- 
ing illustrations. 

As will be pointed out, although irradiation may cause part of the 
tumor to melt away and may remarkably alter its morphology, the treat- 
ment does not destroy the tumor completely nor does it change its essen- 
tial character, for the remaining part shows living malignant cells and 
prompt growth if it is not removed. Irradiation is therefore merely a 
useful adjunct in operative preparation, and cannot be expected to 
eliminate the malignancy. The tumor must be removed if the patient 
is to be cured. 

OPERATIOiY 

Preparation.— With this experience, my associates and I have entirely changed 
our whole method of attacking these large neoplasms and also have rcnsci our 
regimen of preparing the patient for the ordeal of nephrectomy. no« M 

that there is an excellent chance of bringing the patient through the op ■ . 
successfully. It will be interesting to follow the subsequent course of m Pj j, 

Our first object is to make the tumor operable by reducing .t- - 
hwh voltage irradiation. Otherwise we know our chances are prart . 
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But even before irradiation is started, it may be necessary to give one or two 
transfusions, because the hematuria and toxemia may have produced a marked 
degree of anemia, hyperpyrexia and emaciation. If the large tumor has not 
affected the general health appreciably, we proceed with the irradiation immediate!}. 

The course of irradiation usually lasts about three weeks, and during tin’s time 
the patient must be under constant medical supervision. It is necessary to examine 
the blood repeatedly, because irradiation often produces anemia and leukopenia. 
These complications are met by transfusion and cessation of irradiation. In one 
of our cases, the white blood cell count dropped to 2,000 during the course of 
irradiation. We therefore discontinued the treatment immediately even though 
hardlv half of the desired dosage had been utilized. In spite of this, however, the 
tumor had shrunk to approximately one-sixth its former size. 

Gastro-intestinal symptoms may be present but are not disturbing. On the 
contrary, as the huge abdominal mass recedes, the appetite returns and it again 
becomes possible for the patient to eat with relish. When one sees how rapidly 
the mass is disintegrated and absorbed, one wonders what becomes of it and is 
surprised that the constitutional reaction is not more marked. 

Severe hematuria may be a difficult problem. As a rule it diminishes after 
irradiation begins to take effect. In one of our patients, however, the urine 
remained blood-red until we irrigated the kidney with a solution of silver nitrate 
and enforced complete rest in bed. 

Throughout the course of irradiation and after its conclusion, we make every 
effort to bring the patient to the peak of physical condition by diet, rest, tonics 
and sunshine. We have had no real difficulty in accomplishing this. We have 
postponed nephrectomy until we felt that the general condition made the operation 
safe. 

The effect of this new operative regimen in the treatment of large renal tumors 
can be seen in the accompanying reports of cases. I hesitate to present a propo- 
sition which may be as important as this when it is supported by only limited 
experience. These patients, however, have all been observed in my own practice 
in the last three years and each has been thoroughly studied. In all but one 
instance, the roentgen therapy has been administered by Dr. Charles A. Waters. 
Those who are interested in the technic of these treatments are referred to his 
recent article on this subject. 71 

Trauspcntoucal Nephrectomy . — The operative technic is also a matter of vital 
importance. Most urologists have been trained to carry out their operative pro- 
cedures on the kidney through a lumbar incision. But for the purpose of removing 
tumors of the kidney the transperitoneal operation seems to be infinitely superior, 
lhc object of the operation is to remove the tumor intact with as much perirenal 
tissue as possible and with a minimum of handling and manipulation, for one 
knows how friable and vascular these tumors are and how frequently they invade 
the renal vein and its smaller intrarenal branches. Through a lumbar" incision 
it is impossible to remove a renal tumor without extensive handling, and the 
last attachment to be controlled is the vital renal pedicle after the tumor has been 
exposed and delivered. This violates every object of the operation. 

By the transperitoneal route, the whole process is reversed. Through a long 
rectus incision the peritoneal cavity is opened: the posterior layer of peritoneum 
lateral to the large intestine is cut. and the intestine is rolled medially. This imme- 


/a. Waters. Charles A.; Lewis. Lloyd G., and Frontz. W. A.: Radiation 
hcrap\ 01 Renal Cortical Xeoplasms. South. M. 1. 27:290 ( April j 1934. 
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, , , ,G CapSUle 0f the tumor - Further mobilization of the 

, and blunt dissection around the liilus of the kidney expose the renal 
pedicle which can he ligated and cut before one handles the tumor at all. Aberrant 
vessels can be seen easily because the exposure gives one a complete view of the 
whole flank and its contents. J he tumor, thus deprived of its vascular connections 
can then be removed without loss of blood or fear of disseminating metastases! 
\\ alkcr 8 advocated the principle of this operation in 1905, and Finney performed 
the operation with success and permanent cure twenty years ago. Our experience 
with both methods of approach compels us to agree with Finney that the extra- 
peritoneal operation is the only method by which to remove a tumor of the kidney. 
It is a clean and scientific surgical procedure. In our last two patients, hemostasis 
was so complete and the wounds so clean that the abdomen was closed without 
drainage. The wounds healed by first intention, and the convalescence was 
normal. 


REPORT OF CASES 

To illustrate the proposition advanced in the foregoing portion of 
the article, I present a series of seven malignant renal tumors that have 
come under my care in the last three years. These are divided into 
three groups : first, large tumors in which nephrectomy was performed 
or attempted without preoperative irradiation ; second, large tumors 
which were removed after preoperative irradiation, and third, small 
tumors that were removed without irradiation. 

Group I: Massive Tumors Not Receiving Preoperative Irradiation . — 
This group comprises cases 1 and 2. 


Case 1. — Diagnosis, a large hypernephroma of the left kidney, Graivits type. 
Transperitoneal nephrectomy, October 1930. Death, three hours after operation. 

Mrs. K. W., aged 34, residing in Pennsylvania, had been under my care in 
1927 for sterility, having been referred by Dr. Sydney R. Miller. A normal child 
was born in June 1930. She was delivered by a competent obstetrician, but appar- 
ently did not return to him for any postnatal observation. I examined her on 
Dec. 30, 1929, when she had been pregnant for about three months, and at that 
time one could not feel either kidney. 

The case is particularly instructive because of the unusual rapidity with which 
the tumor must have developed after the birth of the child in June 1930, for when 
the baby was only 3 months old the patient returned to Baltimore wondering why 
her abdomen was getting larger instead of smaller. At that time casual inspection 
showed that she had a big tumor which filled three fourths of the abdomen. There 
had been no discomfort whatever, no hematuria and no loss in strength. Tie 
mass had grown so rapidly that I could hardly persuade myself that it was a 
solid tumor. 

This case is another instance of the fearful operative toll in these big tumors. 
At operation in the Union Memorial Hospital the capsule of the mass was thin 
and intimately adherent to the peritoneum, the perirenal structures and t ie na- 
phragm. The capsule was broken, and the tissue of the tumor was imp ante 
everywhere (fig. 1)- There was no bleeding from the renal pedicle, 

S. Walker, G. : Transperitoneal Ligation of the Renal A essels, J. A. M- 
45:1 647 (Nov. 25) 1905. 
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enormous vessels that covered the tumor 
through a long transperitoneal incision, 
later. 


bled profusely. The tumor was removed 
The patient died of shock three hours 


Case 2— Hypernephroma of the right kidney, Grazatc type; diagnosed by 
biopsy , January 1932. 

Mrs. C. D., aged 51, had been discharged from a Baltimore hospital, where 
an exploratory laparotomy and biopsy revealed a huge hypernephroma. The hus- 
band had been told that nothing more could be done and that the outlook w-as 
hopeless. Through one of my friends, a house officer in the Johns Hopkins 
Hospital, he appealed to me for any suggestion. Without offering any hope 
whatever, I suggested that they might try high voltage roentgen therapy. The 
patient was therefore sent to the Hospital for Women, where the roentgenologist, 
Dr. Waters, took charge. 



Fig. 1. — High power details of three hypernephromas of the Grawitz type from 
cases 6, 7 and 1, respectively. These tumors did not receive irradiation. This 
illustration should be compared with figure 5, which shows the same type of tumor 
after irradiation. 


At the former operation, the tumor was found to fill the entire right half of 
the abdomen and to extend over into the left. The capsule of the tumor had been 
broken during the exploration of the mass and particles of the tumor scattered in 
the peritoneal cavity and abdominal wall. The right rectus incision had been 
closed after performance of a biopsy. 


When the patient was admitted to the Hospital for Women six weeks later, 
her condition was precarious. The tumor extended from the seventh rib down 
to the pubis and across the midline of the abdomen (fig. 2). A recurrence of the 
growth soon developed in the abdominal incision, flank and iliac fossa. The tem- 
perature occasionally reached 104 F., the hemoglobin was 50 per cent, and the 
red blood cells numbered 3,000,000. Dr. Waters gave her a course of three trans- 
tusious and high voltage therapy. He asked me to see her in March 1932. By 
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that time the tumor had receded to a point three fingerbreadths above the anterior 
superior spine. I advised further roentgen therapy and observation. 

For the last two years, we have been watching this woman. She enjoys excel- 
lent health and has regained her strength completely; her blood is perfectly normal, 
and she has no discomfort except occasional attacks of abdominal pain which 
simulate partial intestinal obstruction. The mass has gradually decreased in size, 
so that now it extends only about three fingerbreadths below the costal margin 
in the lumbar fossa. There is, however, a persistent induration of the abdominal 
wall of the right flank down to the anterior superior spine and extending back to 



Fie 2 (case 2).— Pyelogram showing a hypernephroma of the right side. The 
tumor" was explored with “biopsy in January 1932. The roentgenogram o toc 

and the general health is good. 

„,e erector spin.e nrusc.es. I„ the .art I ,ave 

has increased. • j„_: ncr the advisability of 

Through the last two years, we have been cons.denn^^ ^ ^ TllC 

■*'■*-* an actilc " yrc " 
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Fig. 3 (case 3). — Embryoma, Wilms’ type, before irradiation. Note the solid 
masses of cells resembling those of a sarcoma, in which are scattered tubular 
masses. Compare this with figure 4. 
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roentgen therapy. If this tumor had not been explored and disseminated, it would 
have been easily operable. 

. Grou P 11 : Massive Tumors Removed After Preoperative Irradi- 
ation.— In this group are cases 3, 4 and 5. 


Case 3.— Diagnosis, a large Wilms’ tumor of the right kidney. Exploratory 
operation and biopsy, November 1933. Nephrectomy, January 1934. 

E. F., a child of 3 years, was seen at St. Joseph’s Hospital in November 1933, 
ten days after nephrectomy had been attempted by another surgeon. He exposed 
the tumor through the lumbar incision without preoperative irradiation. The mass 
filled half of the abdomen. It was decided that the tumor could not be removed 
and, therefore, after a biopsy was made the wound was dosed (fig. 3). When I 
was asked to see the child ten days later, it was evident that the only chance lay 
in reduction of the size of the tumor by irradiation. This was promptly begun 
by Dr. Howard E. Ashbury, the radiologist. Within one month this tumor was 
palpable only in the right renal fossa, and the general condition of the child was 
excellent. On Jan. 15, 1934, the tumor was removed by the surgeon in charge 
(fig. 4). The damage of the former biopsy, however, was evident in the dense 
adhesions. The tumor was again ruptured during its removal and it had to be 
cut away from the old wound in the lumbar fossa. In this case I feel that the 
chance of cure has been definitely lessened by the premature biopsy. 


Case 4. — Diagnosis, hypernephroma of the right suprarenal gland, Grawits type; 
normal kidney. Right nephrectomy and removal of the right suprarenal gland 
and tumor, Oct. 12, 1933. 


When C. S., a Negro girl, 2 l / 2 years old, was admitted to the Provident Hospital 
in August 1933, she had evidently only a short time to live. She was emaciated, 
and her temperature was 105 F. The abdomen was distended by a huge mass 
which crossed the midline and filled every quadrant except the left iliac fossa and 
the extreme left side. The hemoglobin was around 50 per cent and the red blood 
cell count below 3,000,000. The mother had noticed the tumor three months 
before, but did not bring the patient to the dispensary of the hospital for the 
colored until the child became emaciated. There had been no hematuria, rherc 
was sexual precocity; the pubic hairs were well developed. 

It was obvious that the child was in no condition for either operation or irradia- 
tion. Repeated small transfusions were therefore given, and eventually a course 
of intense, but carefully measured roentgen therapy was carried out. The e ect 
was miraculous. Within three weeks, nine tenths of the tumor had gone (figs, 
and 6), and one could just feel it below the costal margin in the right lumbar 


region. Irradiation was continued for about a month. 

The medical care was conducted by Dr. Lawson Wilkins, the consultant m 
pediatrics at the Provident Hospital. By Oct. 12, 1933, or in about seven weeks 
from the time of admission, we thought that the condition warranted t ic ns o 
the operation. The hemoglobin had reached 70 per cent, the mass could not 
felt at all and the child was apparently in perfect health. 

The operation was easily performed, although we were surprised at what sc 
found. We used a long right rectus incision which gave P e ^ fect C ^ S “ , ., !)OVC 
whole right flank. The right kidney was completely normal, but behind an 
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Fig. 5 (case 4). —Hypernephroma, Grawitz type, after irradiation. Notice the 
areas of hyalinization, pyknosis, deposit of pigment, destruction of the architecture 
of the tumor and cellular degeneration. (Photomicrograph on the left, X 100; 


that on the right, X 300.) 



Fig. 6 (case 4). — Hypernephroma, Grawitz type, of the right suprarenal gland 
in a girl of 2 X years. The rapid decrease in size of the tumor following irradia- 
tion is shown. Thirteen days after irradiation was begun, the tumor could be just 
ielt under the ribs. Figure 5 shows the histologic appearance of this tumor. 
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ln> a mass of almost exactly the same size and shape as the kidney itself It 
was adherent to the posterior surface of the kidney but distinctly separate from it 
J he mass was attached by a broad pedicle high up and behind the renal pedicle 
1 lie tumor was rather firm, enclosed in a dense fibrous capsule and not particularly 
adherent to the dipahragm or the walls of the lumbar fossa. 

The vessels of the kidney were clamped and ligated before we had mobilized the 
kidney at all, or before we were aware that the tumor was connected with the 
suprarenal gland. As we mobilized the kidney we saw that the mass was behind 
it. \\ c removed the kidney first, thus obtaining an excellent .view of the supra- 
renal gland and the tumor. After liberating the tumor the pedicle was clamped 
and the entire mass removed (fig, 7). There was no bleeding or shock. 

The convalescence was uneventful. It is, of course, impossible to predict the 
future for this child. Before operation, with the tumor she weighed 27 pounds 
(12.2 Kg.) ; one month later she weighed 32 pounds (14.5 Kg.). She appears to 



Fig. 7 (case 4). — Hypernephroma of the right suprarenal gland and the normal 
right kidney removed with it. Each weighed 135 Gm. 


be perfectly well. We are arranging to have her return for observation every 
month until we are satisfied that the danger of recurrence is past. 

Case 5. — Diagnosis, a large Wilms’ tumor on- the left side. 

Miss B. M., aged 16, first noticed blood in the urine during the summer, 1932, 
but was not referred for diagnostic study until August 1933. By that time, the 
patient had become emaciated and had an abdominal mass which looked like an 
advanced pregnancy. When I saw her in August 1933, she was so weak that she 
could hardly get out of bed and was very thin and pale. One could see the promi- 
nent mass which extended from the left flank across the midiine to the region ot 
the o-allbladder and thence down below the umbilicus toward the pelvis (*'g- >■ 

A Wood count showed: red cells, 3,200,000; white cells, 2,200, and hemog ’ 0 >m 
45 per cent. The urine was red with blood. The patient was immcc la c ) - 
into the Church Home where a transfusion was given. By the usual i « 
means, the diagnosis of renal tumor was made; no metastases were ewde . 
logically or clinically. 
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We experienced considerable difficulty in restoring this girl to a satisfactory 
physical state because of the profuse hematuria and the leukopenia. The hematuria 
persisted even after the tumor had been irradiated, and this \\ iped out the benefit 
of repeated transfusions. Finally, we controlled the bleeding by renal lavage with 
a solution of silver nitrate and by complete rest. 

The leukopenia was even more troublesome. It was present before the patient 
received any irradiation (2,200 white blood cells) and became more marked after- 
ward. At no time, however, did differential stains reveal any organic disease of 
the blood-forming organs. Six weeks after irradiation had been stopped, the white 



Fig. 8 (case 5).— Retrograde pyelogram of an embrvoma of the left kidney 
before irradiation. The mass fills most of the upper and left parts of the 
abdomen. 


blood cells numbered 5,600, the differential count was normal and the hemoglobin 
was 76 per cent. ° 


Because of the leukopenia, however, we stopped irradiation before the desired 
dose had been given. For this reason, perhaps, the tumor did not shrink as com- 
pletely as n might have done otherwise. Nevertheless, as shown in figure 9 the 

enure abdominal mass disappeared, leaving only the mass in the flank and under 
the diaphragm. 

The improvement in the general condition was also remarkable. During the 
‘ ,n ° ,Uh aftCr ,rrad,ation - the girl gained 16 pounds (7.3 Kg.) and looked and 




Fig. 9 (case 5). — Intravenous pyelogram taken of the tumor after irradiation. 
The abdominal mass lias entirely disappeared; there is still a mass under the 
diaphragm as large as a child’s head. The pelvis of the kidney before irradiation 
was opposite the fourth and fifth lumbar vertebrae (compare figure S) ; after 
irradiation, it lies opposite the second and third lumbar vertebrae. 



i 



Fig. 10 (case 5).— Embryoma of the Wilms’ type in the left kidney of a girl 
of 16. The remarkable decrease in the size of the tumor in eighteen days was 
accomplished with half the usual roentgen dosage. Sec the text, figures S aw , 
for pyelograms taken before and after irradiation, and figure II for Insto », 
characteristics. 
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felt perfectly well. We were compelled to defer operation, however, beyond the 
optimum time because of the reluctance of the parents. During this month of 
procrastination, the tumor definitely increased in size. The patient herself settled 
the question of operation when she had a recurrence of severe hematuria seven 
weeks after the course of irradiation had ended. 

A left transperitoneal nephrectomy was performed at the Church Home on 
Nov. 27, 1933. This case, like the preceding one, stands out in sharp contrast to 
those in which irradiation was not given. Although we had to remove a tumor as 
large as a man’s head, the long left rectus incision gave us excellent exposure to 
the tumor and the renal pedicle, for the abdominal mass had disappeared entirely. 
The pedicle was ligated before the tumor was mobilized. There were several large 
aberrant vessels which were seen clearly and ligated. The suprarenal gland was 
almost enveloped by the tumor, and it was removed with the tumor in one mass. 
The patient was on the operating table about an hour and fifteen minutes. The 
convalescence was uneventful. 



Fig. 11 (case 5). — Embryoma, probably of the Wilms’ type, after irradiation. 
Here again the destructive action is evident although only half the desired dose of 
irradiation could be utilized. (Photomicrograph on the left, X 55; that on the 
right, X 300.) 

Group III: Small Tumors Removed Without Irradiation . — These 
cases are presented for three reasons: to show the ease with which a 
small hypernephroma can be removed ; to commend the example of the 
general practitioners who recognize the seriousness of hematuria, and 
to contrast the pathologic structure of tumors before and after 
irradiation. 

Case 6.— Diagnosis, hypernephroma of the right kidney , Grazeitz type. Extra- 
peritoneal lumbar nephrectomy, Jan. 9. 1932. 

Mrs. M. R„ aged 52, entered the Union Memorial Hospital with the complaint 
° a P a,n ^ css hematuria, which had been noticeable for only three days. Six 
mouths previously, the urine had been examined by her family physicion. Dr. James 
Akchurst. and found to be normal. It is interesting that three years previously 

per ormed a panhystcrectomy on this woman’s sister for carcinoma of the body 
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oi Ihe atm's, and so far there has been no recurrence. The family doctor sent her 
01 a c\ stoscopic study as soon as he discovered the hematuria. 

h ' ! o 'wv CVstosc °f‘ ic sttidics. wc made a diagnosis of hypernephroma, and 
n jam 7, U32 we removed the right kidney. The tumor was small, not more 
lull a cm. m diameter (fig. ]). The operation was easily performed. The con- 
valescence was uneventful and (he patient has shown no evidence of recurrence. 


Cask 7 .— Diagnosis, hypernephroma of the left kidney, Grazoits type Left 
lumbar nephrectomy, March 1932, Sinai Hospital. 

Mrs. M. R., aged 48, like the patient in case 6, had had hematuria for only a 
short time, four days. It had been accompanied by a dull ache in the region of 
the left ureter and kidney. There were no other symptoms. Again the family 
pin sician, Dr. Samuel Whitehousc, demanded immediate investigation as soon as 
the hematuria was reported to him. 

After tlie usual cystoscopic procedures (bilateral pyelograms, functional tests, 
cultures and urinalysis) the diagnosis of a hypernephroma of the left side was 
made. In this case, however, the diagnosis was made in spite of two sets of 
pyelograms which showed no sure sign of turn or. Since the patient had unilateral, 
unexplainable hematuria and since I could just feel the lower pole of the left 
kidney, I decided that we were dealing with an enlarged left kidney and probably 
an early hypernephroma (fig. 1). On March 3, 1932, I removed the tumor and 
thus far there is no evidence of recurrence. 


SUMMARY 


In summarizing my own experience with the surgical removal of 
renal tumors in the last three years, I cannot escape the conclusion that 
life has been prolonged and probably saved by the use of preoperative 
irradiation. The histories of five patients with massive malignant tumors 
have been presented. Three of these patients were operated on by 
different surgeons in Baltimore without preoperative irradiation. All 
three operations were failures ; one patient died of shock three hours 
after nephrectomy and the other two had only biopsies. I have pre- 
sented a group of four cases of massive tumors that were treated by 
high voltage roentgen therapy for the purpose of decreasing their size 
so that they might be removed in safety. Two of these tumors were 
operated on without any complication or difficulty whatever. Both of 
these were in children, among whom the mortality has always been veiy 
great. The third tumor, which had previously been explored and 
declared inoperable, was later irradiated successfully and removed, but 
the harm done by the premature biopsy was probably beyond repair. 
The fourth large tumor was also explored prematurely, but lias since 
been largely destroyed by irradiation. I fear, however that m t vs 
case also, the dissemination of the tumor by the biopsy has mac e 

situation hopeless. . , j . 

The last two cases of small hypernephromas were inducted It 

to reinforce the statement that the most serious single handicap 
removal of renal tumors is their great size. Small tumors usually otter 

little operative difficulty. 
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CONCLUSIONS 

1. A review of the literature shows that up to the present the results 
in the surgical treatment of renal tumors have been highly unsatis- 
factory. From 5 to 10 per cent of the patients are refused operation 
because of the evident metastasis or the apparent impossibility of remov- 
ing the local growth ; from 12 to 26 per cent have only exploratory 
operations; from 15 to 30 per cent die of surgical shock after nephrec- 
tomv. and of the remainder, less than 10 per cent are permanently 
cured. 

2. The greatest single cause of this high mortality is the enormous 
size of these tumors, which prevents complete surgical removal, causes 
a high operative death rate and favors local recurrence and metastasis. 

3. In my experience, preoperative irradiation of both Wilms’ and 
Grawitz’ tumors causes a remarkable decrease in their size and makes 
them easily operable. 

4. Preoperative irradiation also causes definite cellular changes in 
the malignant tissue, such as hvalinization. pyknosis. fragmentation and 
destruction of the architecture of the tumor. 

5. Irradiation, however, will not destroy malignant tumors entirely. 
After having been intensively irradiated, tumors which I have removed 
have uniformly shown living malignant tissue ; those which I have not 
removed have resumed active growth. Roentgen therapy is only a 
means of preparation to make the tumor operable, or a palliative mea- 
sure to hold in check a tumor which cannot he removed. 

6. The experience of my colleagues and myself with preoperative 
irradiation of massive renal tumors has caused us to institute an entirelv 
new regimen in preparing these patients for operation. 

7. I cannot urge too strongly the advantages of the transperitoneal 
approach as the most logical, clean and surest way to remove tumors 
of the kidney. 

Dr. Arnold R. Rich, associate professor of pathology in the Johns Hopkins 
Medical School, studied the sections from some of these tumors, particularly those 
which had been irradiated. 

1201 North Calvert Street. 



hemorrhagic villous synovitis of the knee 

JOINT DUE TO XANTHOMA 

REPORT OF A CASE 


DAVID H. KLIN G, M.D. 

LOS ANGELES 

AND 

DAVID SASHIN, M.D. 

NEW YORK 

The occurrence of hemorrhagic effusion into the knee joint due to 
xanthoma is very uncommon. In a review of the literature only Jive 
cases hare been reported. In view of the extreme rarity of this con- 
dition wc are reporting the following case. 

REPORT OF CASE 

History. W. M., aged 23, white, American born, a garage hand, was admitted 
to the service of Dr. Harry Finkelstein, Hospital for Joint Diseases, New York, 
on March 7, 1932, suffering from a painful swelling of the left knee, which had 
increased in size during the past two years. There was no history of trauma. 

He had had occasional pain in the shoulders since the age of 13. He had 
gonorrhea in 1930, for which he received treatment and was discharged as 
cured. Appendectomy was performed in 1920. His parents and one brother and 
sister were in good health. There was no family history of arthritis, tuberculosis 
or hemophilia. 

Physical and Laboratory Examinations . — The patient was well developed and 
well nourished, but somewhat pale. The physical findings were insignificant 
except for the local condition. The left knee joint was enlarged with some 
increase of local temperature. There was ballottement of the patella, with 
definite fluctuation in the joint. The range of motion was decreased. The roent- 
genograms, taken outside of the hospital two weeks before admission, showed 
nothing abnormal. 

Aspiration from the left knee joint yielded SO cc. of a frankly bloody fluid of 
a thick consistency. 

Tests for the Wassermann and gonorrheal complement fixations in the fluid 
and blood and the inoculation of a guinea-pig gave negative results. 

Seven days later, March 14, the fluid had reaccumulafed and by a second 
aspiration a hemorrhagic fluid was again recovered. The knee was strapped. 
Four days later there was a recurrence of the fluid in the knee and a third aspi- 
ration of hemorrhagic fluid was performed. The knee was again strapped am 
rest in bed %vas advised. The icterus index of the fluid was 58.8. One wee ‘ 
later (March 25) the fluid had reaccumulated, and a fourth aspiration pc i ci 
60 cc. of hemorrhagic fluid. After the aspiration a freely movable body, t ic 
size of a cherry, was felt over the head of the fibula. The icteric index m « 
joint fluid was 50. 

From the service of Dr. H. Finkelstein. Hospital for Joint Diseases. Lew 
York. 
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Urinalysis gave negative results. 

Examination of the blood showed the bleeding time to be two minutes, the 
coagulation time, one and a half minutes. 

A complete blood count gave the following results: hemoglobin, 85 per cent; 
red blood cells, 4,540,000; white blood cells, 12,200; neutrophils. 59 per cent; 
eosinophils, 2 per cent; lymphocytes, 2/ per cent, and monocytes, 2 per cent. 

Tests for the fragility of the red blood cells showed initial hemolysis in a 
0.42 per cent saline solution, complete hemolysis in a 0.38 per cent solution. 

The roentgenograms of the left knee showed nothing abnormal. 

The diagnosis of a villous hemorrhagic synovitis with a possible polyp was 
made, and the patient was admitted to the hospital for operation. Although the 
fluid had reaccumulated, the knee was free from pain and motion was normal. 
The circumference of the left knee was 14 inches (35.5 cm.) ; that of the right, 
13 inches (34.3 cm.). 



fig. 1. — Portions of the synovial membrane showing the synovia thickened 
and diffusely studded with villi. The dark areas seen in the section were a 
dark reddish brown. 

An operation was performed on April 7. 

operative Procedure . — An arthroscopy and synovectomy were performed. The 
arthroscopy by Dr. Burmann showed an excessive amount of bleeding when the 
mck m the skin was made previous to introducing the instrument. Bloody fluid 
escaped from the trocar and could be partially cleared only by repeated washing. 
The joint appeared to be filled with dark brown fibrin. The infrapatellar pad 
of fat protruded into the joint and the internal condyle was brownish. 

A synovectomy was then performed by one of us (Dr. Sashin). A para- 
patellar incision was made extending from the tibial tuberositv to the apex of 
the pouch of the quadriceps. The knee joint was found to be filled with a 
™ s clot and adhesions. The synovia was dark red or brownish and thick- 
Mn? \ cs 01 hemorrhagic polypoid villi were found in the quadriceps pouch. 
ie menisci, crucial ligaments and articular surfaces were found intact. All of 
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and returned gradually to normal. On April 12 the posterior splint was removed, 
and active and passive motion was begun. Motion improved, with no recurrence 
of fluid. 

The patient was discharged on April 23 with extension of the knee to an 
angle of ISO degrees and flexion up to an angle of 150 degrees. He subsequently 
received diathermy, massage and exercises for the left knee. Flexion improved 
to 135 degrees and the treatment was discontinued on June S. 

A check-up examination on August 3 showed the knee to be in excellent con- 
dition. The angle of greatest extension was ISO degrees and that of greatest 
flexion, 125 degrees. There was no pain, tenderness or fluctuation. The patient 



Fig. 3. — High power magnification of a section of synovial membrane showing 
giant cells, numerous blood vessels and a large increase of synovial cells. 

was advised to return in about six months. Reexamination on December 23 
showed full range of extension and flexion up to an angle of 70 degrees. The 
knee was in excellent condition. At this time the cholesterol content of the blood 
was 288 mg. per hundred cubic centimeters: on March 6, 1933, 210 m°\ and on 
April 15, 238 mg. 

COMMENT 

The characteristics of this case are as follows: A diffuse, villous, 
hemorrhagic hypertrophy of the synovia, especially in the suprapatellar 
pouch, had reached tumor-like dimensions. The dark red and brown 
color showed the presence of numerous vessels which were easilv vulner- 
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.1 ) C and had produced old and recent hemorrhages. Yellowish patches, 
c Kuactenstic of xanthoma, were present. Studied microscopically the 
v.ll. showed numerous rows of cells of the type seen in the synovial 
inin, Y aml a slroma of fibroblasts, numerous large and small vessels 
and giant cells. The last-mentioned cells had the characteristics of giant 
cells of the foreign hod)' type rather than of those of the tumor type. 
J he vesicular nuclei were deeply stained and showed a margin of proto- 
plasm. Lesions of this kind are classified either as tumors or as granu- 
lomas. They occur rarely. Only about fifty such tumors have been 
1 epoi ted to date. I his number includes spindle and round cell sarcomas 
of (lie capsule or bone with infiltration of the synovial membrane, and 
cavernous hemangiomas which also have broken into the joints from 
the surrounding tissues. The largest single group is made up of inter- 
articular giant cell tumors, also called benign xanthomatous sarcomas 
of the knee joint. 

REVIEW OF LITERATURE 


Eric Sonntag 1 has collected twenty cases from the literature. Of 
these sixteen cases presented localized growths in the synovial mem- 
brane of the knee joint. In only four cases were there diffuse lesions 
comparable to our own case. Among the latter group the first case of 
Lejars and Rubens-Duval 2 showed different characteristics. The tissue 
did not contain giant cells, but was made up in some places of spindle 
cells, and in others of glandlike arrangements of endothelial cells 
containing mucin. The case of Dowd, 3 published in 1912, should be 
excluded, as the tissue contained only a moderate number of blood 
vessels and the fluid in the joint was clear; also the giant cells showed 
mitotic figures not encountered in the xanthoma. No xanthoma cells 
were found in this case. The case of Harbitz 1 should not be included 
in this group as it was that of a diffuse endothelioma, partly calcified 
and also infiltrating the bone. In this group, therefore, there remains 
only one case, that of Hartman, 5 described in 1922. The patient was 
a man of 20, who for four years had complained of pain in the knees. 
Frequent aspirations revealed bloody fluid. At operation blood uas 


1. Sonntag, E. : Ueber intraartikulare Xanthome des ICnies, Deutsche Ztschr. 
f. Chir. 223:346, 1930. 

2. Lejars and Rubens-Duval : Les sarcomes pnmitifs des synovialcs articu- 
laires, Rev. de chir., Paris 41 : 751 , 19 10 . 

3. Dowd, C. N.: Villous Arthritis of the Knee, Ann. Surg. 56:363, 19 - 

4. Harbitz, F. : Tumors with Xanthoma Tissue, Norsk mag. f- Ire„eu'dcn k 
86:321 192a. 

v^kktman. F. W. : Synovial Membrane Tumors of Joints, Surg.. Gyncc. 
& Obst. 34:161, 1922. 
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found in the synovial cavity. The synovial membrane was very thick 
and studded with villi of reddish brown or fawn ; the cartilage in the 
crucial ligaments was also involved. The microscopic sections showed 
the capsule to be thickened and to contain brownish pigments, large and 
small villi and an abundance of large and small r-essels. 1 he stroma 
was made up of the following types of cells: monocytes, sometimes 
with pigments; oval cells, either single or in collections, with small blue 
nuclei and clear granular protoplasm ; occasional giant cells, and, finally, 
foamy cells which contained double refractive lipoid material from 
which crystals of cholesterol could be obtained. 

A second case of diffuse xanthoma was reported in 1927 by Herx- 
heimer 6 in a woman 30 years of age. Histologically, spindle cells, giant 
cells and xanthoma cells were found. A third case was reported 
by Frangenheim 7 in 1928, that of a man of 50 who had suffered a dis- 
location of the left patella in 1904 and had had intermittent effusions. 
He was free from disability until 1924, when he noticed a growth in 
the popliteal fossa. The operation showed polygonal cells, giant cells, 
hemorrhages and pigment. He had a recurrence after six years, with 
pain and effusion. At operation the synovial membrane was found to 
be hemorrhagic and villous, and contained numerous blood vessels and 
capillaries, giant cells and “osteoid stroma.” 

In addition two cases described as hemorrhagic villous arthritis by 
Koch s and Mandl 8 9 belong to this group. Koch’s case was that of a 
girl of 22 in whom pain and swelling of the right knee joint developed 
in 1924. At operation the synovia was found to be much thickened 
with large clots of blood in the cavity and thrombosis of the vessels. 
Histologic examination showed a very vascular tissue with numerous 
fibroblasts and blood pigment. Three years later there was a recurrence 
and the patient again submitted to operation. The synovia was found 
to be hemorrhagic and villous. On microscopic examination, numerous 
vessels, infiltration of pigment and giant cells of the foreign bodv type 
were found. Mandl’s case was that of a man of 30, who had suffered 
an indefinite injury, followed by development of pain and swelling of 
the knee with occasional locking. Aspiration of fluid from the knee 
joint was performed fifty times. He received baths, bandaging, and 

6. Herxheimer, G. : Ueber Xanthome und Xanthelasmen, Arch, per le sc 
nied. 50:201, 1927. 

7. Frangenheim, P. : Das gutartige xanthomatose Riesenzellensarkom der 
Gclcnkkapsel, Arch. f. klin. Chir. 157:738. 1929. 

8. Koch, H.: Chronisclie hamorrhagische Arthritis des Kniegelenks, Zen- 
tralbl. f. Chir. 54:2892, 1927. 

9. Mandl, F. : Ueber die operative Behandlung chronischer nichtspezifischer 
Krkrankungen des Kniegelenks, Arch. f. klin. Chir. 151:302, 1928. 
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n J , m ,° lhe - ,0, ; U - An operation was done in October 1926 
- the medial aspect of the synovial membrane, brownish-red villi were 
o )sei ved, which histologically contained several rows of synovial liniiw 
cells, numerous vessels, lymphocytes and plasma cells with much blood 
pigment. A partial synovectomy was done, but there was a recurrence 
o' symptoms and a second operation was performed a year later. The 
whole synovia! membrane was then found to be covered by brownish-red 
vilh which contained numerous blood vessels, several rows of synovial 
cells, a large amount of blood pigment and islands of light cells with 
double refi active protoplasm which gave a positive stain for fat, char- 
acteristic for xanthoma. 


PATHOGENESIS 

1 he pathogenesis of these conditions is still controversial. The first 
observers considered them to be tumors of sarcomatous character. In 
IS9S D oi', 10 who discovered the xanthoma cells, advanced the theory 
of an inflammatory and traumatic origin for this growth, and was 
supported by Fleissig, 11 Wustmann 12 and others. Seyler 13 held an 
intermediate view, and of ten cases he regarded three as granulomas. 
The arguments for the blastoma theory were well summarized by von 
Albertini 14 and for an inflammatory origin by Sonntag. Von Albertini 
regarded the giant cell tumors of the periosteum, bone, tendons and 
joints as of identical structure. The)’- originate from an embryonal 
mesenchyme which has not undergone complete differentiation and is, 
therefore, apt to develop giant cells. The numerous vessels present in 
these growths are explained by the canalization of loose mesenchymal 
tissue. The second characteristic element is the xanthoma cell which 
is found only in giant cell tumors of the tendons and joints, and not in 
epulides or giant cell tumors of the bone. This can be explained by a 
disposition of the skin, tendons and joints to precipitation of lipoids. 
In the multiple xanthomas of the skin this occurs on the basis of a 
hypercholesteremia, analogous to the formation of tophi in gout. In the 
solitary giant cell tumors of the joints and tendons, hypercholesteremia 


10. Dor, L. : Relations des tumeurs a myeloplaxes et des xanthomes, Conipt, 
rend. Congr. franc;, de Chir., 1898, p. 553. 

11. Fleissig, J.: Xanthomatose Geschwiilste, Deutsche Ztschr. f. Clnr. 192:380, 


Xanthomatous Giant Cell Tumors, Deutsche Ztschr. f. 


1925. 

12. Wustmann, O. 

Chir. 192:381, 1925. 

13. Seyler : Ueber xanthomatische GranuJome, Virchows Arch. f. path- t na . 

239:20, 1922. , , 

14. von Albertini, A.: Spezielle Pathologie der Schnen. Sehnenschci cn i u 

Schleimbeutel, in Henke, F„ and Lubarcb, 0.: Handbuch to path* 

Wischen Anatomie und Histologie, Berlin, Julius Springer, 39-9, vol. 9, P- 
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was found only in a part of the cases. Kirch 13 collected eight cases 
in which the cholesterol content of the patients varied between 4S1 and 
173 mg. per hundred cubic centimeters of blood. The normal cholesterol 
content of the blood varies between 140 and 160 mg. In the cases in 
which the cholesterol content of the patient's blood was normal, the 
presence of xanthoma cells was explained by the precipitation of lipoids, 
especially cholesterol, from a hematoma, or as due to stagnation of circu- 
lation and deficiency of absorption. You Albertini advanced the follow- 
ing arguments against the conception of these growths as granulomas : 
Only exceptionally are inflammatory granulations found. Bacteria have 
never been demonstrated in these growths. The giant cells have no rela- 
tion to the vessels and, therefore, do not originate from the endothelium 
of vessels, as proposed by Lubarsch. 10 They also are not giant cells of 
the foreign body type attracted by the precipitation of cholesterol, as the 
majority do not contain cholesterol in the plasma, and do not accumu- 
late in the vicinity of the precipitation of the lipoids. He, however, 
admitted that besides genuine blastomatous giant cells there are present 
giant cells of the foreign body type, chiefly around the blood pigment. 
He did not regard the experiments on animals as conclusive. Anitschi- 
kow 17 and others have produced xanthomatous growths in tendons of 
animals fed with a diet rich in cholesterol, or animals which had been 
given intravenous injections of cholesterol and subsequently traumatized. 
Yon Albertini regarded these lesions only as Iipophagic foreign body 
cell granulomas without the characteristics of true giant cell tumors. 

Eric Sonntag advanced the following arguments for the theory of 
the inflammatory origin of the xanthomatous tumors : The stroma of the 
growths is a typical granulation tissue consisting of fibroblasts, lympho- 
cytes, polymorphonuclear leukocytes, partly sclerotic scar tissue, blood 
pigment and crystals of cholesterol surrounded by giant cells. The giant 
cells have vesicular, only faintly stained nuclei and a definite proto- 
plasmic border. Blastoma giant cells have oval, heavily stained nuclei, 
and they do not show protoplasmic borders. Both authors agreed, 
however, that the xanthomatous cells in these growths are only secon- 
dary, and are produced in response either to a hypercholesteremia or to 
a local disturbance of lipoid metabolism. 

15. Kirch. E. : Ueber cvstische xanthomatose Geschwiilste und die Genese des 
xanthomatosen Geschwiilste im allgemeinen, Beitr. z. path. Anat. u z allg Path 
70:75, 1922. 

16. Lubarsch, O. : Generalisierte Xanthomatose beim Diabetes, Deutsche med 
Wchnschr. 18:484, 1918. 

17. Anitschikow, X.: Ueber experimented erzeugte Ablagerungen von Chole- 
.terincstern und Anhaufungen von Xanthomzellen im subkutanen Bindegewebe des 
Kaninehcns, Munchcn. med. Wchnschr. 40:2555, 1913. 
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DIAGNOSIS AND TREATMENT 

J Ik general symptoms of this condition are not characteristic The 
patient complains oi a swelling of the knee joint, pain, a limp in walking 
am sometimes of belong of the knee joint. The onset is insidious 
Only part of the patients give a history of a definite injury. On 
examination, swelling, limitation of motion and fluctuation are found. 
In localized tumors a definite mass, more or less freely movable, can be 
palpated, i he symptoms are therefore not different from those in an 
internal derangement or inflammatory condition. Most of the patients 
thcrefoie conic to operation with a diagnosis of loose cartilage or tuber- 
culosis of the knee joint. 

I he diagnosis, however, can be definitely established by an aspira- 
tion and thorough examination of the joint fluid. Most authors mention 
the finding of blood in the cavity of the joint at operation, but not 
enough emphasis is placed on aspiration of joint fluids. The 
finding of hemorrhagic fluid without recent injury in conjunction with 
the bilirubin content of the effusion furnishes a conclusive diagnosis 
of hemorrhagic, villous synovitis. One of use (Kling IS ) has pointed 
out that a hemorrhage in the joint cavity is finally broken down to 
bilirubin. A high content of bilirubin is, therefore, proof of an older 
hemorrhage in the joint. In our case the icteric index was between 
58.8 and 50 in subsequent aspirations, the normal content of bilirubin in 
joint fluids being below 5. This means a rise in the content of bilirubin 
in our case to about ten times the normal, proving that the aspirated 
blood originated from a spontaneous hemorrhage and was not due to a 
lesion of a vessel during aspiration. The almost constant level of the 
bilirubin in several aspirations showed that a constant bleeding was 
occurring into the joint cavity. A high content of cholesterol in the 
synovial fluid would establish the presence of xanthoma conclusively. 
The tissue in our case had the characteristics of the giant cell tumois. 
The synovia was much thickened, villous, hemorrhagic and in places 
yellowish owing to precipitation of lipoids. The sections showed that 
the villi were lined by several rows of synovial cells; the stroma 
contained large amounts of newly formed blood vessels, much blood 
pigment and giant cells. The high cholesterol content of the blood 
(288 mg. per hundred cubic centimeters of blood) months after the 
synovectomy indicated a primary disturbance of the lipoid metabolism 
which led to the production of xanthoma in a joint weakened by occu- 
pational trauma or by some inflammatory factor. 

18. Kling, D. H. : Bilirubin in Effusions of the Joints: Methods of Esimia 
tion and Significance, Arch. Surg. 20:17, 1930. 
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So far all the evidences are in favor of the benign character of these 
growths. Recurrences appear only when they are not removed entirely 
and then onlv in the synovial membrane. Early diagnosis is important 
in view of the continuous bleeding and growth of the lesion. The 
importance of early aspiration and examination of the synovial fluid is 
to be emphasized. 

Operation should be performed as soon as the diagnosis is made and 
should consist of the removal of as much of the synovia as possible. 
In case a complete synovectomy cannot be performed it may be advis- 
able to give deep radiation. The prognosis is favorable, but a possible 
recurrence must be considered. A check-up examination of our patient 
one year after the operation showed perfect motion of the knee joint 
and no recurrence of symptoms. 

SUMMARY 

1. Diffuse hemorrhagic villous synovitis due to xanthoma of the left 
knee joint was successfully treated by synovectomy. A year and a half 
after operation there was no recurrence of symptoms. 

2. Repeated examination of the blood up to one year after operation 
showed a hypercholesteremia, indicating a primary disturbance of the 
lipoid metabolism as the underlying cause for the precipitation of lipoids 
and the formation of the xanthoma. 

3. A critical review of the reports of cases and the theories of patho- 
genesis of this rare condition is given. 

4. The complete removal of the growth promises permanent cure. 
Early diagnosis is therefore of paramount importance and can be accom- 
plished by careful examination of the joint fluid, and especially by the 
estimation of the bilirubin and cholesterol content of the effusion. 

715 Wilshire Medical Building. 

51 West Eighty-Sixth Street. 



CONGENITAL COXA VARA 

ISADORE ZADEK, M.D. 

NEW YORK 

introduction and review of the literature 

lhe words varus and valgus, it seems, originally had an identical 
meaning signifying steep or oblique. Later a differentiation was intro- 
duced, so that varus now means a deformity in which the extremity 
distal to it bends toward the midline. Valgus has the opposite significance. 

Isolated repoits of coxa vara appear in the literature prior to the 
description given by Fiorani in 1881 of a group of fifteen patients 
whose disability he concluded was due to a change in the angle of 
the neck of the femur. It is difficult to judge in the present light just 
what cases were included, as he specifically stated that motion at the 
hips was normal in many of these cases. He mentioned the fact that 
several of the patients were children of consanguineous marriages. He 
suggested that improper food may have a bearing, which suggests that 
some of the cases may have been of rachitic origin. He described a 
typical caliper brace for support, which even included a ring at the top 
with a joint at the knee. One will appraise this report at its true 
value if one realizes that it appeared in 1881, some years prior to the 
discovery and use of roentgen rays. 

In 1888 Muller again called the attention of the surgical world to 
a deformity of the femoral neck, with adduction of the distal part of 
the limb, which depressed the neck of the femur from the usual 125 
to 130 degrees. The cases described were apparently instances of 
epiphyseal separation at the hip. 

The name “coxa vara” was given by Hofmeister in 1894, and this 
appellation took root immediately. As I understand coxa vara, it is 
a depression of the neck of the femur, so that the angle which the 
neck of the femur makes with the shaft is less than the normal angle 
of 125 or 130 degrees seen in adults. Hence it approaches 90 degrees, 
or it may be less than 90 degrees. The deformity may be at the base 
of the neck, or nearer the head of the femur. One must realize also 
that the neck of the femur may not be in the same plane that passes 
through the condyles' of the femur. Normally there is some ante- 
version of the neck of the femur, which may amount to as much 
as 20 degrees, according to Elmslie. In coxa vara, the neck o t ic 
femur may he depressed directly downward, or the greater trochan cr 
may , with the base of the neck, be forward or backward. 
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Congenital coxa vara is obviously the most infrequent type. The 
literature on it, however, is more extensive than one would expect. 

Congenital coxa vara was described by Kredel in 1896. In his cases 
and the cases described by earlier authors, there were other malforma- 
tions, such as knock-knee, equinovarus or a defect of the patella. In 
Kredel’s original report there were two cases, one in a child, aged 5 
months, and the other in a child, aged 3 years. Attention was attracted 
to the first case by the peculiar position assumed. One hip was held in 
adduction and the other in abduction. This suggested to the author a 
lack of space in utero as a possible etiologic factor. The second child 
could not stand or walk. It is of interest that the author mentioned 
a limitation of abduction at the hip in these cases and considered it a 
point of differentiation from rachitic coxa vara. This one knows is 
not true. Coxa vara due to rickets shows the mechanical limitation of 
abduction. 

Rirmisson, in 1897, reported the autopsies made on two infants, 
aged 2 l / 2 and 1 month, respectively. These included the hip joints, 
which showed what he considered to be congenital coxa vara. He found 
the greater trochanters to be much posterior and stated that this was due 
to the short posterior fibers of the capsule. 

Mouchet and Aubion, in 1899, called attention to the fact that con- 
genital coxa vara is not necessarily associated with other congenital 
anomalies. (Apparently the only cases recognized earlier were observed 
on examination incidental to the finding of the other obvious deformi- 
ties.) These authors stated specifically that their cases of congenital 
coxa vara showed no signs of rickets. 

Alsberg, in 1899, observed congenital dislocation of the hip on one 
side and congenital coxa vara on the other. He was the first to suggest 
that intra-uterine pressure may have been sufficient to cause a dislo- 
cation of the hip on one side and only enough to depress the neck of the 
femur on the other. 

Reiner, in 1903, recognized congenital coxa vara as one stage of a 
rather extensive femoral defect and first suggested a theory as to its 
causation. 

Hoffa, in 1905, described a case of bilateral congenital coxa vara in 
a boy, aged 4 years. A resection of both hips was performed in 1902. 
Hofia considered that the developmental disturbance of the normal 
epiphysis was the cause of the deformity. A microscopic examination 
of the specimen was made, which will be referred to later. This is the 
first microscopic report of congenital coxa vara. Others have been 
made by Delitala and Barr. A specimen was removed by Niisonne, who 
stated that a microscopic report (192S) would be made later. No record 
ot ' C0l dd be found. In the discussion of Nilsonne’s report 

Cnmitz stated that four specimens were removed by him. 
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Holla suggested that a differentiation between rachitic and congenital 
coxa vara might be made on the direction of the epiphyseal Zttl 
eck of the femur, as seen in the roentgen film, which he stated is ver- 
bal m congenital coxa vara and oblique in rickets, being oblique from 
abo\-e and outward, downward and inward. 

Fciss, in 1906, reported a case of congenital coxa vara in a girl, 
aged o years. 1 lus was of the type originally described by Kredel 
Merc, dating from birth, the left lower extremity was held adducted 
into approximation with the right. Feiss quoted from Kredel, “When 
one has seen this well nourished and active child taking this position 
repeated!}-, then one cannot doubt the fact that both legs had grown in 
tin's position in utero for a long period." 

Francke, in 1906, reported congenital coxa vara in siblings. They 
were a boy, aged 6 years, and his two sisters, aged 5 and 2 years 
respectively. 

Helbing, in 1906, suggested that congenital coxa vara is manifested 
in delayed or deficient ossification of the upper end of the femur. 

Ghuilamila, in 1907, reported a case of congenital coxa vara (bilat- 
eral) complicated by tuberculosis on one side. This diagnosis of tuber- 
culosis was based on clinical and roentgen findings. 

Frisch, in 1908, reported a case of bilateral congenital coxa vara in 
a girl, 7 years of age. He stated that up to that time about thirty cases 
had been described in the literature. 

Rafilsohn, in 1908, reported two cases of congenital coxa vara and 
stated that congenital dislocation of the hip had been observed on one 
side and congenital coxa vara on the other. 

Spitzy, in 1909, stated that there was no causal connection between 
congenital coxa vara and congenital luxations, but that coxa vara asso- 
ciated with a luxation is, as a rule, of secondary origin. 

Drehmann reported a case of congenital coxa vara in a girl 
of 16, in whom he reported raising the angle of the neck of the femur to 
120 degrees from 65 degrees by stretching the hip into full abduction. 
The defective portion of the neck gave way under tension, permitting 
the correction. A plaster of paris spica was left on for five months. 
Later a fixed abduction deformity was corrected by a simple osteotomy ; 
Drehmann stated that the functional result was highly satisfactory. 

Mayer, in 19 10, reported a case of bilateral congenital coxa vara in 
a twin, aged 24. The patient showed a greater angle of the neck of the 
femur 3 on the right side than on the left. The complaint of disa n tty 
was greater on the right side. Mayer called attention to the fact that 
the disability was due to extra-articular strain on the capsule, muse e 
and the like. Owing to atrophy of the neck of the femur, Maj a rs . I 
the head of the femur looked like a mushroom or like the head - 

giant placed on the neck of a dwarf. 
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Delitala, in 1913, reported a case of congenital coxa vara of the left 
side in a child of 3 years on whom a subtrochanteric osteotomy had been 
performed. One month after the operation the child died of pneumonia. 
At postmortem examination the muscles, capsule and ligaments of the 
hip were found to be normal. Histologic examination of the head and 
neck of the femur was made. 

Schwarz, in 1913, reported three cases of congenital coxa vara. In 
each case the patient began to walk at about 15 months of age. In one 
patient observed at the age of 4 years there was a defect in the neck 
of the femur with the commonly seen area of transparency shown in 
the roentgen films. Eleven years later the defect had spontaneously 
disappeared, and in its place there was well developed bony tissue. 

Etmslie, in 1913, in reviewing coxa vara in general designated con- 
genital coxa vara under the title of infantile coxa vara. He described 
a gross specimen which had been removed by Robert Jones from a 
woman, aged 26, and another which he found in the museum of St. 
Bartholomew's Hospital. The hips from both patients were preserved. 
The defects were accidentall)- discovered in the dissecting room. 

Following Elmslie’s designation of infantile coxa vara, Perrier, in 
1914, reported a case of congenital coxa vara observed by Nove- 
• Josserand at autopsy in an infant dead at birth. Congenital coxa vara 
and dislocation of the hip were coexistent. 

Brand, in 1916, mentioned the important fact that the prognosis in 
congenital coxa vara is entirely dependent on whether or not ossification 
occurs in the defect in the neck of the femur. Failure of union to 
materialize fully predisposes the patients to a fracture of the neck of 
the femur in later life, with resulting nonunion and pseudarthrosis and 
with the marked displacement and absorption of the useless femoral 
head involving serious disability. 

Lepoutre, in 1921, reported a case of right-sided congenital coxa 
vara with absence of the patella on this side. The child was 6j4 years 
old. Lepoutre expressed his belief in an unjustifiably hopeless outlook. 

Xilsonne, in 1924, suggested that the anomaly of ossification may be 
basically due to an embryonic vascular disorder. In 1928 he reported 
bilateral congenital coxa vara in a girl of 7 years, who died of tuber- 
culous meningitis. He stated that there was defective ossification with 
an irregular epiphyseal line, and that several islands of cartilage were 
found in the epiphysis and the metaphysis. 

In the discussion Camitz stated that he removed four femoral heads 
from patients with congenital coxa vara and examined them histologi- 
cally. Xo epiphysis was found. Cartilage of different kinds and islands 
ot bone and connective tissue were Iving about in profusion. 
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Noble and Hauser i„ 1926, published an excellent review of coxa 

aia m genet a!, including also the congenital type. They stated that 
operations on the necks of the femurs in the congenital type “ fre- 
quent!) disastrous, and that nonunion might ensue. They presented 
roentgen films of a man with congenital coxa vara and nonunion of the 
neck of the femur and also showed the roentgen appearance ten years 
previously with a typical attenuated neck. 

1 aii bank, in 1927, reported a case of congenital coxa vara and showed 
a loentgen film. There appeared to be no neck. (It was supposed that 
the neck was present but unossified.) The child was 3)4 years of age. 
There was a shortening of 4)4 inches on the affected side. Practically 
all of the shortening was in the femur. It was proposed that an oste- 
otomy be done later to correct the deformity. The child died suddenly 
at operation. Death was due to massive pulmonary thrombosis. The 
specimen showed that the defect in the neck of the femur was non- 
existent. In this location there was cartilaginous tissue. 

Fairbank presented a rather complete review of the subject in 1928. 

Peabody, in 1927, reported in full a case of' typical congenital coxa 
vara (bilateral) in a woman, aged 23. 

Jansen, in 1929, suggested that pressure in utero on the flexed knee 
in the axis of the femur may have a bearing on congenital coxa vara 
(coxa fracta). 

Barr, in 1929, reported five cases of congenital coxa vara with a 
histologic report of a specimen removed from one of the patients. 
The other patients were not operated on. 

Kreuz, in 1930, discussed congenital coxa vara and reported the case 
of a child whose roentgen findings presented an epiphyseal line in the 
neck of the femur that at first was vertical, but which three years later 
was slanted. He therefore felt that this disproved Hoffa’s suggestion 
that the epiphyseal line is vertical in the congenital form of coxa vara 
in contradistinction to the other forms. 

Bargellini reported a case of bilateral congenital coxa vara followed 
clinically and roentgenologically for a period of twelve years. The child 
was seen from the age of 4 years to the age of 16. The deformity was 
marked on one side. On the other side it was mild. On the more 
markedly involved side it progressed to separation of the epiphysis. . On 
the less marked side there was healing with anatomic and functional 
cure under conservative treatment. The more involved side, on which 
the condition progressed to nonunion, was operated on at the age of io. 

Sacerdote, in 1931, showed a girl, aged 4)4 years, with congenital 
dislocation of the right hip and congenital coxa vara of the left bp ot 
90 decrees. This was confirmed by roentgen findings. The right tup 
easily reduced under anesthesia. Six months later a subtrochanteric 


was 
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osteotomy of the left hip was performed. Nine months after operation 
a normal osseous structure of the head and neck was found, with the 
angle of the neck at 120 degrees. The epiphyseal line had practically 
disappeared. 

ETIOLOGV 

As in other congenital anomalies, any suggestions as to the cause of 
coxa vara that one finds at birth are purely theoretical. 

Alsberg, in 1899, suggested that intra-uterine pressure may account 
for the congenital coxa vara. 

Helbing felt that there was perhaps a fissure with a lack of proper 
ossification in the neck of the femur. He felt that there maj be an 
abnormal anlage which came to expression in postfetal life. 

Reiner also suggested intra-uterine pressure as having an important 
bearing on the condition. He stated that at about the tenth week of 
fetal life the normally abducted and flexed femur becomes adducted, 
and at this time an angle is formed between the neck and the shaft of 
the femur. Pressure of the membranes may cause a complete oblitera- 
tion of the bone at the hip. Less pressure may cause only congenital 
coxa vara. 

Hoffa made almost the same suggestion, that because of intra-uterine 
pressure the neck of the femur loses its property of growth. 

Drehmann followed out much the same idea and considered the 
abnormal zone in the neck of the femur simply a defect of the first 
degree. A more marked defect may indicate the absence of a variable 
portion of the upper portion of the femur. 

Nilsonne, in 1924, suggested that the anomaly of the neck of the 
femur may be due to an embryonic vascular disturbance. 

MICROSCOPIC APPEARANCE 

The microscopic appearance of bone removed from the affected 
portion of the neck of the femur shows nothing characteristic. 

The description of a gross specimen was given by Elmslie: 

The specimen resected by Mr. Robert Jones from a woman, aged 26 years, in 
whom both hips were affected, and whose symptoms dated from birth, shows very 
well the condition finally attained (Royal College of Surgeons Museum, Speci- 
mens 1/S5d and e). The head of the bone is displaced downward, so that only 
a narrow interval remains between it and the shaft, the neck pointing downward 
and inward. The lower part of the head, neck and shaft are continuous, with, 
however, a fine fibrous intersection between them; above this a clear line of 
fibrous tissue separates the head and the adjacent part of the neck on the inner 
side from the root of the neck on the outer, a separated area of bone of a different 
texture, and a space containing fibrous tissue existing here also. The Museum 
catalogue says: “The appearances, therefore, indicate that a solution of con- 
timuty has taken place between the neck and the head close behind the latter, 
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/ hlS Was . CVldcnt!y a case of congenital coxa vara which had progressed 
lo nonunion of the neck of the femur. 

Elmslic reported another gross specimen which he found in the 
museum of St, Bartholomew’s Hospital. 


Isilsonne published the description of a gross specimen from a child, 
aged / years, who died of tuberculous meningitis. 

Neithet of these cases was accompanied by a report of a microscopic 
examination. 

Ho ft a reported that: 


A section including the entire width of the head and neck of the femur and 
part of the adjacent femur itself was microscopically examined. The cartilaginous 
portion of the specimen consisted almost throughout of permanent cartilage, 
which was Highly vascularized in several spots. Among the sanguineous capillaries 
there was very loose connective tissue with small foci of extravasation. Near 
these vascular islands the basic cartilaginous substance was more fibrous. There 
was nowhere any indication of proliferating cartilage. Near the center of ossi- 
fication of the head of the femur there were irregular nodules of cartilage, whose 
capsules stained deeply with hematoxylin and showed granular calcification. This 
zone showed no indication of cartilaginous proliferation. The nodules showed 
occasionally a few isolated spicules of bone. At the periphery of the nodules 
the cartilage was transformed into fibrous connective tissue. Nearer the center 
of ossification the fibrous transformation of the cartilage was more extensive. At 
a small circumscribed spot the cartilage was necrotic and invaded from all sides 
by very cellular connective tissue. The periphery of the cellular layer adjacent 
to the necrotic cartilage showed also isolated, rounded and multinuclear giant cells. 
The spicules of bone were extraordinarily irregular. They showed absolutely no 
conical arrangement in the direction of the cartilage. Only a very few and isolated 
spots showed a border of uniformly directed cells interpreted as osteoblasts. The 
medullary spaces had very few cells and abundant fat. Vascularization was poor. 
Occasionally the marrow was transformed into fibrous connective tissue with few 
cells. The periosteum also showed no cell proliferation or transformation into 
bone spicules. 


The report by Delitala in 1913 follows: 

Histologic Examination — For the histologic examination I employed a slice 
taken from the centre, including the whole section decalcified by Schafer s methoi , 
and stained with haematoxylineosin, with carmin, and Schmorl’s method number 
two. For the sake of clarity I shall divide the description into three parts: 0) 
the part concerning subtrochanteric osteotomy and the line of the callus, 
the part dealing with the neck of the femur together with its bony part, its con- 
jugate cartilage, and the zone of ossification which lies between; (3) the part m 

refers to the head of the femur and that is the feast interesting. 

As regards the osteotomy, we find that the corticals of the 
and of the two trochanters are joined together by abundant bone trabeculae 
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ning obliquely and circumscribing areas of medullary tissue of the fibrous type: 
tlie^ossification of the callus has proceeded according to the normal type in man 
and in such a way as to secure good union between the stumps. 

In the neck of the femur we find an anomalous spongy tissue. 

In the bone marrow of the femoral neck we do not find the typical young 
tissue corresponding with the age, but a marrow with numerous adipose elements 
and with extensive haemorrhages. Furthermore, it is not rare for it to contain 
cartilaginous nodules which, because they are of the same type as the conjugate 
cartilage, must be interpreted as the latter’s remains not ossified and dislodged by 
the formation of the surrounding laminae of bone. 

The cartilage of growth is formed by a hyaline (tissue) of very small cells, 
where the zone of repair is more extensive than any other : the region of pro- 
liferation shows capsules containing two, three, and more nuclei, but here, too. as 
opposed to what normally happens, the daughter cells stay small and have an oval 
nucleus which is very regular and stained heavily and homogeneously : at the edge 
of the diaphysis there is a thin and noncontinuous layer of cartilage with columns, 
but with elements of the same type, without any sign of decomposition of the 
cartilaginous cells ; and the fundamental substance does not show that impreg- 
nation of calcium salts which is revealed in the region of normal ossification. 

But still more notable is the fact that in its midst there are serpiginous, invad- 
ing vascular areas where a capillary with numerous lateral buds is surrounded by 
a dense connective tissue, soft and spindleshaped; the presence of the areas cannot 
be attributed to the oblique direction of the section. The finding is comparable 
with the figure which Axausen gives of the vascular resorption of the cartilage in 
articular transplants. In some sections it is possible to follow one of these vasal 
plugs which excavates a canal from the diaphyseal surface of the conjugate car- 
tilage up to the epiphyseal surface and thus connects the medulla of the nucleus of 
the head with that of the neck, yet without the slightest sign of formation of bone 
substance along its margins, either. 

As for the zone of ossification, in addition to the zone already mentioned in 
regard to the stratum of the cartilage with columns which is deep down and at 
rest, because the capsules are not broken, its cells do not recede, its substance is 
not calcified, the irregularity of the course must be noted: instead of constituting 
a line that is almost regularly rectilinear and oblique with respect to the horizon, 
perpendicular with respect to the axis of the neck, it forms an almost horizontal 
streak shaped like a wreath. 


Along it the endochondral ossifications take place slowly and are not con- 
tinuous: after stretches in which slender trabeculae of bone are seen outlined 
along the cartilage in series come others in which the medulla approaches the 
cartilage without giving any signs of activity. 

This finding explains to us the reason for the presence of cartilaginous nodules 
right in the ossified zone. The active zones, advancing just behind the inert ones, 
end bv leaving the latter heterotopic, so that it is not necessary to resort to occur- 
rences of metaplasia or something else to explain them. 

What must be considered as the principal fact shown by the histologic finding, 
it seems to me. is the anomalous constitution of the conjugate cartilage, with 
which arc connected the altered direction of the line of ossification, the slowness 
oi the bone transformation, and the irregularity of form and arrangement of the 
pong\ trabeculae: they are all facts which together account for the deformitv 
01 the neck oi the femur and which I shall call dystrophic. 
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Barr reported the 
of his eases : 


microscopic appearance of a specimen from one 


Six sections were made of the fragment of tissue received, which were com- 
posed of hone cartilage, fibrous tissue and muscle. Portions of the bony frag- 
ments showed the usual bone spicules and bone marrow. In three sections there 
was an alteration in the histology from that found in normal bone. The cartilag- 
inous junction with the bone spicules was rather abrupt. The cartilage cells did 
not assume the linear arrangement nor the enlargement usually found along the 
hnc of ossification. The invasion of cartilage by blood capillaries was entirely 
absent. The marrow space in these sections ended abruptly at its junction with 
the cartilage. Cartilage was similar in appearance to that found in the articular 
surface. The cartilage in one area was found to be intimately united with bone 
spicules rather deep in the spongy bone. Islands of disintegrated cartilage were 
also found between the bone spicules. Some of the spicules showed evidence of 
faulty lay ing down of bone matrix and some atrophy of bone. Nowhere was 
there marked evidence of bone formation, nor was there evidence of repair. 
Owing to the fragmentary character of the tissue, the exact relation of this car- 
tilage to the surrounding bone could not be determined. The histology was not 
sufficiently characteristic to permit a definite diagnosis as to the cause of the 
bone change. Somewhat similar changes are sometimes found in bones of ani- 
mals in which there is a vitamin deficiency, other than those which are known 
to influence the laying down of norma! bone. 


The report, by Dr. H. L. Jaffe, pathologist at the Hospital for Joint 
Diseases, of a segment removed by me from the superior border of the 
neck of the femur of a patient, aged 5 years, follows. The segment 
included a portion of the articular cartilage and neck of the femur down 
to the greater trochanter. 


Section of the larger piece, which revealed the articular cartilage, showed 
degenerative phenomena in the deeper layers of the cartilage with areas suggestive 
of mucinous degeneration and also the appearance of tiny intracartilaginous cysts, 
apparently on the basis of liquefaction of the cartilage. The subchondral bone was 
compact, there being widespread subchondral osteosclerosis, which extended 
through the entire capital epiphysis from the area from which the section was 
taken. Between the thick trabeculae there was a rather loose connective tissue 


containing vessels, osteoblasts on the surfaces of the canals and, in places, osteo- 
clasts. Between the thick trabeculae areas of marrow were observed; in some 
regions the marrow showed an increase in the connective tissue stroma and also 
slight evidence in places of connective tissue bone formation. What was observed 
of the epiphyseal cartilage plate was extremely difficult to interpret, since it was 
at the edge of the section, the surgical specimen apparently passing through areas 
of the plate. The epiphyseal cartilage plate showed changes which might be inter- 
preted as evidence of beginning closure. These changes extended down towart 
the neck, where the bone was sclerotic. An occasional islet of included eptp tysca 
cartilage plate was observed within the substance of the bone. Another 
of bone, apparently from the neck, showed considerable compact SC ’^°‘' C 
with fragments of the epiphyseal plate and other fragments of epiphyseal cart 
plate within the substance of the epiphysis. 
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Specimens of the defective portion of the neck of the femur from 
three other cases of congenital coxa vara have been removed and 
examined at the Hospital for Joint Diseases. They are lef erred to in 
the individual case reports. 

HISTORY AND PHYSICAL FINDINGS,' DIFFERENTIAL DIAGNOSIS 

The deformity and painless limp are the striking signs in these cases 
in childhood. 

Pain begins in adolescence or adult life if the patient is not treated ; 
if the neck has given way with resulting nonunion, the disability is 
marked, so that the patient seeks relief. 

Examination shows all of the cardinal signs of coxa vara : a limp ; 
elevation of the greater trochanter; limitation of abduction; sometimes 



Fig. 1, — Photomicrograph showing microscopic cyst in the articular cartilage. 

internal rotation; more rarely, external rotation; a positive Trendelen- 
burg sign, and the head of the femur palpable beneath the femoral 
arteiy in the groin. If the condition is bilateral, a markedly increased 
lumbar lordosis is present. 

In contrast to the cases reported in the early literature in which 
other congenital anomalies were associated, the cases which I am here 
reporting showed no other anomalies. 

lhe children begin to walk tardily, as a rule about the fifteenth 
mouth or later, and it is then that a peculiar gait is observed. The 
history is not characteristic, and it could be readily confused with 
congenital dislocation of the hip. The gait may not make sufficient 
impression on the parents at this early date, and several years may 
intcivcnc before the child is brought for medical attention, though the 
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majority of cases at the present time, owing to better education of the 
masses by medical men, arc seen early. 

There may be a history of injury, but more careful questioning will 
disclose the fact that the condition antedated the injury, and that the 
injury was not severe enough to have initiated the condition. The added 
disability after the injury is likely to be transient, though it may suffice 
to focus attention locally. 

If the condition is bilateral, the increase in the lumbar lordosis is 
more striking, and the resemblance to congenital dislocation of the hip 
is more striking, especially with the presence of a waddling gait. 



X’jg. t*. 

cells in the epiphysis. 


posterior T its common position, and Ttrast'toTongcnitnl dis- 

deformity at the hip in ***??*£££ tu„d in a more or less 
location of the hip, the head of the femu ^ whcI1 forcc is 

normal position with relation to Poupart J g „, c hip does 

applied in the axis of the fo- m and relaxed^ ^ ^ 
not “pump” or telescope. and even after correction of the 

the MP, Trendelen burg . ^ restoratio „ t0 „ c ar,y normal 
depression ot the neuv u 



ZADEK—COXA VARA 


73 


this sign may remain positive. This is no doubt influenced by a shoit- 
ened neck., whether or not it is the result of operative intervention. 

Unless there are secondary changes about the hip joint, influenced 
by the development of a superimposed arthritis, there is no muscle spasm 
or other evidence of an acute condition. There is no local sensitiveness. 

There is limitation of motion, but this limitation of motion is, without 
secondary changes, entirely mechanical. One therefore expects limita- 
tion of abduction, and this may be slight or great, depending on the 
degree of depression of the neck of the femur and its impingement 



Fig. 3 .~ Photomicrograph showing an island ot cartilage surrounded by bone. 
In areas the surrounding bone is dense. 


against the rim of the acetabulum or the striking of the greater tro- 
chanter against the side of the ilium in forced abduction. Shortening 
of the soft parts, particularly in the older cases, will limit motion. This 
is especially true of the adductor muscles of the thigh and the portions 
ot the capsule, particularly the posterior part. 

KOEXTGEX APPEARAXCE 

The roentgen appearance of these cases is most interesting, and 
un ess one is familiar with it, the proper diagnosis will not be made 
he obvious thing is the depression of the neck of the femur. As one 
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_s The epiphyseal line in these cases, as first mentioned W 
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its tno aims. This defect is much wider than the normal epiphyseal 


(Fractures of the neck of the femur in infants and children are 
uncommon. They require severe trauma for their production. They 
aie usually of the hinge type at the base of the neck and heal readily.) 

dhc gi eater trochanter is elevated, and in the older cases it becomes 
much elongated and takes on a “beaked” appearance. It may be in 
contact with the ilium. 

In the adolescent this defect in the neck of the femur may give way 
completely, and resulting nonunion may be truly present, with no contact 
between the head fragment and the contiguous portion of the neck of 
, the femur, or there may be fibrous union. The shaft may then be dis- 
placed upward, so that the head fragment may be at the level of the 
lesser trochanter. 

The head of the femur occupies the lower portion of the acetabulum 
and is often partially below the lower rim. Later it becomes more or 
less depressed from the acetabulum and appears to be near to, or in con- 
tact with, the lesser trochanter. In some cases of this sort the head is 
much larger than the attenuated neck, and no better description of the 
relationship can be given than that of Mayer, who said that the head 
was mushroom-shaped, appearing like the head of a giant on the neck 
of a dwarf. 

The acetabulum may show considerable change in outline. It is 
shallow and defective in its inferior portion, owing to pressure from a 
relatively large head of the femur, which is low in its relationship to the 
acetabulum. At times shadows are seen in the acetabulum suggestive 
of osteochondritis. 

PROGNOSIS 

The prognosis is governed entirely by what happens in the neck of 
the femur where defective ossification is present. If the condition is 
mild, according to reports, ossification may proceed uninterruptedly. 
Unfortunately, this is not the usual happy outcome. If this were true, 
one would be justified in waiting for complete ossification and then cor- 
recting the coxa vara. Without surgical intervention the condition tends 
to become progressively worse, and in untreated patients to result m 
separation of the head of the femur and nonunion. At this stage there 
are secondary arthritic changes, with pain and great disability. 
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treatment 

The older writers held a rather hopeless and more or less helpless 
view of these cases. The patients were treated by forced abduction in 
traction or plaster of paris dressings. 

The line of treatment should have two definite goals, both attained 
by surgical intervention. 

1. The defect in the neck of the femur should be overcome by an 
operative opening up of a new blood supply, preferably through drilling 
the neck of the femur. This means obliteration of the epiphyseal line. 
In several of the cases reported here this was accomplished by different 
surgical procedures, such as the insertion of a beef-bone peg, the inser- 
tion of an autogenous peg and the removal of a disk of bone from 
the neck. 

Operations directly on the neck in these cases are attended by more 
than the usual risk of infection because of the defective tissue with an 
inadequate blood supply. The drilling from below the greater trochanter 
into the neck seems to be the simplest procedure. 

2. After the neck has been sufficiently ossified, a wedge osteotomy 
of the subtrochanteric type should be done to restore the angle of the 
neck of the femur. 

I feel that these procedures should be carried out when the patients 
are first seen, that is, from about 3 years on. 

A reconstruction operation, such as the Whitman or Brackett type, 
should be reserved for older untreated patients with nonunion. If proper 
operative care is given early, few, if any, reconstruction operations will 
be necessary. 

REPORT OF CASES 

Case 1. — E. R., a white girl, aged 7 years, was breast fed for fifteen months. 
The family history- and the patient’s history were unimportant. The birth was 
normal. There was no history of injury. The patient walked alone at 16 months 
of age. 

The child was brought to the Hospital for Joint Diseases in October 1927, 
because of a limp and shortening of the left lower extremity. When she was 3 
years old, her mother noticed that she limped. She was treated in another institu- 
tion by the application of a plaster of paris spica, which was worn for six months. 
This resulted in no improvement. The condition progressed. The patient could 
walk a considerable distance without fatigue. There was no history of injury to 
the hip. 

General examination gave negative results. The patient walked with a limp 
on the left side. The only motion limited at the left hip was abduction, which 
could be carried out to 10 degrees as compared with a normal range on the right. 

Measurements showed that the distance from the anterior superior spine of the 
' uun to the internal malleolus on the right (which will be designated as R.A in 
the remaining cases) was 2414 inches. 
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Fig. 4 (case 1). — Showing left congenital coxa vara. 


The circumference of the left calf (which will be designated as L.C.) was 
9J^ inches. 

The Wassermann reaction was negative. 

The roentgen examination on November 8 showed a normal hip on the right 
side. On the left there was coxa vara of 80 degrees. The head of the femur 
was relatively large and low in the acetabulum, being partially out of the inferior 
border of the acetabulum. The epiphyseal line of the neck was widened and 
vertical. The acetabulum was flattened. 

A subtrochanteric wedge osteotomy was performed on November 9. A a inch 
incision was made over the lateral aspect of the left femur, exposing the upper part 
of the shaft. The tissues were stripped back until the trochanter and neck and a 
little of the head of the femur were exposed. The deformity of the neck was 
clearly demonstrated. A specimen of bone running through the neck and head 
was removed for microscopic examination. Then a wedge of bone, measuring 
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three-eights inch at its base, was removed from tiie intertrochanteric line. It was 
then possible to abduct the hip to 35 degrees. After closure of the wound a plaster 

of paris spica was applied in this attitude. , 

A microscopic examination of tissue removed from the head and neck of the 
femur was made by Dr. H. L. Jaffe. It showed no characteristic lesion of 

the bone. _ , 

The patient was readmitted to the Hospital for Joint Diseases, and the plaster 

of paris spica was removed on Jan. 4, 1928. The spica was bivalved, and the 
extremity carefully removed from it. At the site of osteotomy the bone was solid. 



Fig. 5 (case 1). — Appearance after subtrochanteric wedge osteotomy of the left 
hip. A specimen of bone was taken from the neck of the femur at the time of 
operation. Roentgen examination was made through a plaster of paris spica. 

The trochanter rotated with the shaft. The hip showed a range of motion of about 
10 degrees in all directions. 

Physical therapy was instituted, and the child was allowed to walk with 
crutches. 

Examination on Nov. 28, 1932, showed the following : The patient was satis- 
fied with die result of her operation. She was as active as other girls and had 
no pain. She was in good condition. She walked with a slight limp and had a 
pos.thc Trendelenburg sign on this side. There was a slight increase in the 
cm \nr lordosis, with slight increase in the dorsal kyphosis and forward inclina- 




Fig. 6 (case 1). — Appearance five years later. The coxa vara has been cor- 
rected, and most of the neck of the femur has disappeared. There is bony union 
of the remaining portion of the neck with restoration of the angle of the neck. 



Fig. 7 (case 1 ) .—Appearance five years after operation. The lumbar lordosis 
is slightly increased. 
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tion of the head and neck to a moderate degree. The greater trochanters were 
slightly posterior to the shoulders. The general posture, however, was satisfactory. 
The pelvis was tilted down slightly on the left. There was no spasm of the spinal 
muscles. The flexibility of the spine was normal. There was no sensitri eness over 
any part of the spine, the sacro-iliac joints or the gluteal muscles. There was an 
incision over the lateral aspect of the left hip beginning at the level of the base of 
the greater trochanter, which showed no reaction about it. The left hip was in 
almost complete extension and in moderate abduction. Flexion at the hip was 
normal. Adduction was normal. Abduction of the left hip to 30 degrees, as com- 
pared with 45 degrees on the right, was permitted. Rotation of the left hip was 



Fig. 8 (case 2). — Congenital coxa vara of the right hip. 


normal. The internal rotation of the right hip seemed slightly greater than 
normal. The patellas were normal. There was no deformity of the feet. Measure- 
ments showed: R.A., 31-54 inches; L.A., 30->4 inches; R.U., 33 inches; L.U., 
3314 inches. 

Case 2.— H. B. was a white boy, aged 7 years. His history and that of tire 
family were unimportant. The histories were obtained from his foster mother, 
who had cared for him for three years. "When she took charge of him he was 
walking with a limp on the right side, and it was reported that there was a 
shortening of one-half inch. This shortening gradually increased. One year before 
admission it was 1 inch. The limp became more marked. 

The patient was admitted to the Hospital for Joint Diseases on Sept. 17, 1929, 
with n shortening of the right lower extremity and a limp. 
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The general examination gave negative results. Orthopedic examination on 
admission showed that the patient was in good condition. He walked with a limp 
on the right side. The greater trochanter on this side was elevated and prominent. 
It was above Nelaton’s line. There was a positive Trendelenburg sign on this 
side. Abduction was completely restricted. Measurements showed: R.A., 19)4 
inches; L.A., 21 inches; R.U., 22% inches, and L.U., 24 inches. R.T., 11% inches; 
L.T., 12^ inches ; R.C., inches, and L.C., S% inches. 

Roentgen examination on admission showed that the left hip was normal. The 
right hip showed a coxa vara of 75 degrees. The epiphyseal line, which was 
vertical, was much widened and branched in its inferior portion. The large head 



pjo- 9 (case 2). — Appearance six weeks after operation (subtrochanteric o 
om, and insertion of nn autogenous bone graft <£**«*—; 
the head). The displacement is that of a bifurcat ° n f ‘ fc has ther eby been 
tissue in the neck of the femur has been thc plaster 

shortened. This roentgen examination was made after 
of paris spica applied at operation. 


was sublimated inf.riorly from the acetabulum. The acetabnlnm was somewhat 

irregular in its lower half and flattened. were donc . A 3 inch 

On September 25 a cervical osteotomy and boa * TliCSC musc!cs 

incision was made over the adductor mt» des of item 9 closed 

were freely divided, and the muscle stumps were sutured, 
with a continuous plain stitch. 
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An S inch incision (modified Smith-Peterscn incision) was made, the loner 
end of which curved backward, exposing the trochanter. The fibers of the capsule 
of the hip joint were incised longitudinally, and the neck freely exposed. Its gross 
appearance was normal except for the marked downward angulation and a slight 
amount of anteversion. With a Putti hip chisel the neck was divided transversely 
at the point of most marked angulation. Some difficulty was experienced m 
dividing the cortex on the posterior surface. After division it was possible to 
abduct the hip freelv, but a gap remained between the fragments until the shaft was 
rotated internally. To maintain the shaft in this position, it was decided to insert a 
bone graft. 



Fig. 10 (case 2). — Appearance two years after operation. The deformity has 
been corrected, and the head of the femur is higher in the acetabulum. Union is 
solid. 


A 3 inch incision was made directly over the anterior surface of the tibia on 
the right side. A bone graft, measuring 2 l / 2 inches in length by J4 inch in thick- 
ness, was rapidly removed with an Albee saw. A drill hole was passed from the 
trochanter into the neck and head, and into this the bone graft was driven, jamming 
the two bone surfaces against each other. The extremity was immobilized in 
extreme abduction, and moderate external rotation in a plaster of paris spica, 
extending from the axilla to the toes. 

The operative incision subsequently showed a mild infection. 

The report of the tissue removed from the neck of the femur was made by 
r * ' ^ Jaftc, who found nothing characteristic in the microscopic picture. 
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of «bc right lop TO5 permitted to 45 degrees a „d adduction to 30 degrees 
Measuremems showed: K.A., 22/, inches, LA., 2 3/ inches, 
he patient was able to indulge in the activities of other boys of his age 

riu K °, r CCnt cxaminatlon has bee ” of the patient, as he moved to a distant 
- a K " e ' vere unaWc t0 secure a report of his present condition. 


Case 3. V. C., a colored boy, aged 7 years, was brought to the outpatient 
department of the Hospital for Joint Diseases on March 7, 1932, because of a 
hmp on both sides and hollowness of the back. Birth was nomal. The patient’s 



Fig. 11 (case 3). — Marked lumbar lordosis. 

history and the family history were unimportant, except that the mother 
stated that the boy fell from a shelf above the sink in July 1931. There was some 
discoloration over the right hip, but the patient did not complain of pain, nor 
did he limp immediately afterward. He walked at the age of 14 months. 

Physical examination on March 23, 1932, showed that the patient was in good 
general condition. He walked without assistance, but he bad a distinct waddle, 
suggestive of a bilateral coxa vara or congenital dislocation of the hips. The 
back was symmetrical, but there was a marked increase in the lumbar hollow. 
The patient presented marked fiat feet. In the supine position the lumbar hollow 
was practically completely gone. 'The chest and the upper extremities were linin' 
volved, except that there was slight thickening of the wrist joints. 

In the right lower extremity at the hip joint flexion was complete; extension 
was complete; abduction was checked at an angle of about 20 degrees; adduction 
was entirelv free; inward rotation was slightly limited, and outward rotation uas 
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somewhat restricted. At the knee and ankle joint there was no limitation of 
motion. The heads of the femurs were in the acetabula. 

In the left lower extremity extension and flexion were free. Abduction was 
limited to 10 degrees; inward rotation was slightly limited, and outward rotation 
was somewhat restricted. At the knee and ankle joint there was no limitation of 
motion. Measurements showed : R.A., 23)4 inches ; L.A., 23)4 inches , R.T., 13 
inches, and L.T., 12-34 inches. The Wassermann reaction was negative. 

Roentgen examination made on admission showed a bilateral coxa \ara of 
approximately 90 degrees on both sides. There was a marked defect in the neck 
of the femur on both sides with attenuation of the bony substance. This was 
more marked on the left side. There was upward displacement of the trochanters. 
The epiphyseal lines of the necks of the femurs were widened and branched at 



Fig. 12 (case 3). — Bilateral congenital coxa vara. 


their inferior borders. The heads of the femurs were low (subluxated), and the 
acetabula were irregular in outline. 

On admission an operation, which consisted of the removal of a specimen 
from the neck of the femur and the insertion of an ivory peg through the head 
and reconstructed neck of the femur, was performed on the right hip. 

The hip was exposed through a “U” incision, with its convexity downward. 
The exposure was made between the tensor fasciae femoris and the gluteus medius. 
The greater trochanter was chiseled free in order to lengthen the neck of the 
femur. The capsule was thickened ; there was no excess of synovial fluid, and the 
neck was adherent throughout to the capsule. The ligamentum teres femoris was 
apparently normal. The head of the femur was dislocated from the acetabulum 
°P cr ator » it was irregular in shape in the lower halt and was much larger 
than the contiguous portion of the neck, corresponding with its roentgen appear- 
~' CC ' s ^ ct ' on 01 bone, including the attenuated portion of the neck, was removed. 

"s was from one-lialf to tliree-fourtlis inch in thickness and contained hvaline 
earn age. Considerable difficulty was experienced in cutting through the inferior 
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Fig. 13 (case 3). — Appearance after operation on the right hip. The bone peg 
holds the epiphysis in contact with the neck, after a segment has been removed 
through the involved portion of the neck. 


Following operation pyemia with foci in the left hip, the soft parts of the 
right elbow and the soft parts of the left arm developed. The patient survived, 
but with ankylosis of the hips. 

Dr. H. L. Jaffe examined the tissue removed from the neck of the femur at 
operation and reported' nothing specific on which to make a diagnosis. 

Case 4.— R. L., a white girl, aged IS months, was brought to the Hospital for 
Joint Diseases because of a deformity and shortening of the left lower extremity 
associated with a limp on this side. She had been walking for six weeks, and the 
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limp had been apparent since she began to walk. She was admitted to the hospital 
on Nor. 13, 192 9, for the correction of the deformity. The family history was 
unimportant. The child was premature (8 months). She was breast fed tor 
eleven months. 

The child was in good condition. She walked with a limp on the left side. 
The greater trochanter on the left was elevated and prominent. It was three- 
fourths inch above Nelaton’s line. There was anterolateral bowing oMhe femur. 
The left hip could be abducted to 20 degrees and the right hip to 70 degrees. 
Internal rotation was limited on the left. Flexion was free on both sides. There 



Fig. 14 (case 4). — There is considerable shortening of the extremity associated 
with a defect in the neck of the femur. 

was no atrophy of the left lower extremity. Measurements showed: R.A., 13 
inches, L.A., 12 J / 2 inches; R.U-, 14 J /< inches; L.U., 13j4 inches. 

Roentgen examination on November 14 showed slight bowing of the femurs. 
There were flaring of the lower end of the femoral diaphysis and a defect in the 
neck of the left femur, with a coxa vara of about 100 degrees. The head of the 
femur was low in the acetabulum. The acetabulum was relatively normal. 

The patient was operated on on November 15. A 2 inch incision was made 
o\cr the lateral aspect of the left thigh just below the greater trochanter. The 
subcutaneous tissue was completely incised and retracted. The periosteum was 
opened immediately below the greater trochanter and completely separated from 
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the femur. A wedge of bone was taken out of the femur with its base about 
Vi inch in width and pointing laterally. The femur was then abducted. After 
closure of the wound a plaster of paris spica was applied extending from the 
nipples down to the toes, with the limb in wide abduction. 

Examination on Jan. 2, 1930, showed that the wound was healed by primary 
union. The left hip was in 30 degrees of abduction. It could be brought down to 
10 degrees abduction without difficulty. Complete abduction was not limited. The 
head of the femur rotated with the shaft. No measurements were made because 
of the abducted position of the extremity. 

Roentgen examination of the hips was made after removal of the plaster of 
paris spica. It showed the coxa vara corrected by a bifurcation operation. 



The patient » ***** » 

of the upper H®. 

The patient suffered an attack o thc ]eft hip was *‘^e. 

Examination on Nov. 23, 193-, s ho TIl er c was no fixe ' ^ 

considerable prominence of the g ^ ^ dcgrccs . Abduction 

deformity of the hip. It coma 



ZADEK—COXA VARA 


87 


was possible to 45 degrees and on the left to 10 degrees. When the patient stood, 
the lumbar lordosis was increased. She had a calcaneus deformity on the left. 
There was just a trace of power in the muscles of the calf. The patient presented 
a prominent heel. There were good power in the tibialis anticus muscles and slight 
power in the posticus muscles. There was good power in the peronei. The patient 
apparently had slight difficulty in the dorsiflexion of the toes. There was good 
power in the gluteal muscles on both sides. Measurements showed: R.A., 19j4 
inches; L.A., 18 H inches; R.T., 13 inches; L.T., 11J4 inches; R.C., 9 inches, and 
L.C., inches. 

In January 1933 the patient was in the Hospital for Joint Diseases, where a 
Whitman astragalectomy was performed on the left side. 


Case 5. — S. IC, a white girl, aged 5 years, was brought to the Hospital for 
Joint Diseases on Aug. 24, 1932, because of a limp on the left side, associated with 
pain. The patient's history and the family history were without significance. 
The patient began to walk when she was 19 months old and did not limp. Her 
mother could recall no history of injury, except that the child fell about March of 
that year. The mother stated that the patient fell down several steps, the injury' 
not being severe. The child remained in bed for a few’ days. The mother stated 
definitely that the child did not limp before her injury and had been losing weight 
since. 

Examination on admission showed that the child was in good general condition. 
She walked with a limp on the left side. The lumbar lordosis had increased 
slightly. The pelvis was tilted down slightly on the left. The left buttock was 
flatter than the right. Examination of the spine gave negative results except for 
slight spasm of the spinal muscles on the right side. The patient had a positive 
Trendelenburg sign on the left. There was no limitation of motion in the right 
hip. Abduction was permitted to 70 degrees. Internal and external rotation were 
free. There was no paralysis of the muscles. 

On the left side the greater trochanter was elevated. Flexion at the hip was 
free. Adduction was free, and internal and external rotation were free. Abduction 
was permitted to 25 degrees. There was no muscular weakness. 

Measurements showed : R.A., 21$i inches ; L.A., 20J4 inches ; R.U., 24 
inches; L.U., 23 inches; R.T., 11$4 inches; L.T., 11 14 inches; R.C., inches, 
and L.C., 8J4 inches. The length of the right tibia was 9j4 inches. The length 
of the left tibia was 9j4 inches. The length of the femur from the tip of the 
trochanter on the right to the lower end of the outer condyle was 12 inches, and 
on the left from the tip of the trochanter to the lower end of the outer condyle, 
11J6 inches. The hips were stable. 


Roentgen examination on May 19 showed that the right hip was normal. The 
left hip showed a coxa vara of 100 degrees. The neck of the femur was shortened. 
The epiphyseal line was vertical and branched at its inferior portion. There was 
beginning union of the epiphysis. The head of the femur was low. The acetabulum 
was practically normal. The neck of the femur was relatively broad. 

Operation for removal of a specimen from the head and neck of the left femur 
and to hasten ossification in the neck of the femur was performed on August 26. 
The left hip was exposed through a Smith-Peterson incision. The capsule was 
ound to be considerably thickened. There was no excess of fluid in the hip joint, 
here was no loss of continuity in the neck of the femur or false motion. The 
appearance of the neck corresponded with the roentgen appearance. A specimen 
through the superior and anterior portion of the head and neck three-eighths inch 
m width was removed. This extended from the head of the bone, included about 
nc w 5 ' nc ^ articular cartilage, and passed through the substance of the neck 
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and across to the intertrochanteric region, extending slightly downward toward the 
lesser trochanter. It was perhaps one third of the distance through the diameter 
of the neck. A culture was made, and the specimen was sent to the laboratory. 
The bone was dense and hard to cut. A small sliver of bone, which fragmented 
on removal, was also sent to the laboratory. The main specimen, however, was 
three-eighths inch in width. 

A plaster of paris spica was applied, extending from the upper part of the chest 
to the toes, with the hip in 25 degrees of abduction, the knee slightly flexed and 
the foot at a right angle. 

For some time after operation a swelling was noted in front of the left hip, 
but no suppuration ensued. 

Culture made at operation gave negative results. 

Examination on Jan. 2, 1933, showed that the patient was still wearing a plaster 
of paris spica and walking about with comfort. When union of the neck is con- 
plete, a subtrochanteric wedge osteotomy will be performed for correction of the 
deformity. 

Case 6. — H. C., a colored boy, aged 8 years, was admitted to the Hospital for 
Joint Diseases on Jan. 5, 1932. The patient’s mother was mentally retarded. The 
history was unimportant. The birth was normal. The patient was a full-term 
child. He did not walk until he was 2 years old. 

The child was referred to the Hospital for Joint Diseases from the school 
which he attended because of abnormal posture and a waddling gait. The mother 
noticed these abnormalities only a short time before admission, although she stated 
that the patient was in another institution three years before entrance because he 
complained of being tired and having discomfort in one hip. Traction was applied 
to the hip. The patient had remained in the hospital for only a few days when his 
mother removed him. 

Examination on admission showed that the patient was in good condition. He 
presented extreme lumbar lordosis and walked with a waddling gait and a limp on 
both sides. Trendelenburg’s sign was positive on both sides. The greater 
trochanters were elevated and prominent, being above Nelaton’s line. Internal 
and external rotation were limited on both sides. Bony resistance could be felt 
on pressure anteriorly below Poupart’s ligament on both sides in the position of 
the femoral artery. Abduction was limited to 15 degrees on both sides. There 
was a slight flexion contracture of the hips. The patient showed rachitic anterior 
bowing of the tibias. 

The Wassermann reaction was negative. 

Measurements showed : R.A., 22 Id inches : L.A., 22 inches ; R.U., 23 inches ; 
L-U., 23 inches; R.T., lljd inches; L.T., 11 inches; R.C., 7Jd inches, and L.C., 
V/ inches. 

_ Roentgen examination on admission showed an extreme bilateral coxa vara of 
63 degrees. There was a defect in the necks of the femurs with broadened 
epiphyseal lines, which ran from above and inward, downward and outward. 
They were branched at their lower borders. The heads of the femurs were low 
and markedly subluxated. The acetabula were shallow but smooth in outline. 

A subtrochanteric wedge osteotomy of the right hip was performed on Januarv 
. An incision about 4 inches in length was made on the lateral aspect of the 
r'ght thigh, extending from the tip of the trochanter downward on the shaft of 
the femur. The periosteum was stripped, and a ribbon retractor was introduced. 
y c ' b )" ,uc angular osteotomy was performed, and a wedge was removed from the 
fragment, permitting the hip to be abducted to about 30 degrees without dis- 
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Fig. 18 (case 6). — Extreme lumbar lordosis. 
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placement of the fragment. A plaster of paris spica was applied, extending from 
the line of the nipple to the toes. 

Drilling of the neck of the left femur was performed on January 28. A 3_ inch 
incision was made over the greater trochanter ; the direction of the neck was there- 
upon palpated by passing a finger around the vastus externus muscle, and three 
small drill holes were made from below the greater trochanter into the neck. A 
plaster of paris spica was applied. 

Roentgen examination of the two hips on June o showed that as a result of the 
drilling of the neck of the left femur five months before the defect in the neck of 
this femur had disappeared. 



Fig. 20 (case 6). — Appearance six months after operation. There is bony 
union in the neck of the femur on the left side following operation by drilling. 
The coxa vara on the right side has been corrected by a subtrochanteric wedge 
osteotomy. The head of the femur on the right is now higher in the acetabulum. 


A wedge osteotomy for the correction of the coxa vara is to be done later. The 
coxa vara on the right was corrected by operation. 

Case 7. — J. H., a colored boy, aged 10 years, was brought to the Hospital for 
Joint Diseases in November 1932. The patient’s history and the family history' 
were unimportant. The complaint was a limp on the left side. The child had been 
under the care oi a stepmother. Three years before admission she had taken him 
to another clinic on the advice of the school nurse. The child was not treated. 
- ’cut a year previous to admission the limp was more noticeable. It became 
steadily more pronounced, but there was no discomfort at anv time. 
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Examination on November 4 showed that the patient was in good condition. 
He walked with a limp on the left side. The greater trochanter on the eft was 
elevated and prominent. There was a positive .Trendelenburg sign on this side 
Abduction of the left hip was limited at 5 degrees. Adduction was free. Internal 
rotation was slightly limited. The head of the femur was in the position of the 
acetabulum. Measurements showed: R.A., 26 ]/ 2 inches, and L.A., 2 a -; 4 me les. 

Roentgen examination on November 3 showed a coxa vara of 80 degrees on 
the left. The head of the left femur was large. The neck was attenuated. The 
epiphyseal line ran from above and inward, downward and outward. It was 



Fig. 23 (case 7). — Appearance after a subtrochanteric wedge osteotomy. A 
drill is inserted into the base of the neck and used as a handle in maintaining the 
position while the deformity is being corrected. 

broadened and branched superiorly. The head of the femur was subluxated 
downward. 

Operation was performed on November 16 on the Albee table, with the limb 
under traction. The greater trochanter was exposed through a 4 inch incision. A 
large Stemman nail was driven through the greater trochanter into the neck. A 
"edge osteotomy with the base laterally, measuring about 1 inch, was then 
removed from just below the greater trochanter, the apex of the wedge being at 
the lesser trochanter. It was then found, by gentle abduction, that it was easy to 
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nppioximatc the two frairiiipnfc nrun t 

1 ‘lnslcr of paris spica was applied from T” "7 ll,is l> osili »». and a 

« * and i« LvelS 1 ” *" “ *» » *'» 

"’™ Sh »* P'asfer paris spica „„ DeMlbtr , 
There was a 1 riT ’"“.“Tf 1 “btrochaotaic wedge osteotomy. 
oSi * 5 “ " tl,e " CCk oI S * «< as a hand,, a, ,l„ ,i m . „f 

Examination in January 1933 showed that the patient was still wearing ,|„ 
piaster of pans spica. ° 

The neck of the femur in this patient should be drilled so that the epiphyseal 
hue will become ossified. 

Case S.— A. J., a white girl, aged 15, was first seen at the Hospital for Joint 
Diseases m July 1926. 



Fig. 24 (case 8). — Bilateral congenita! coxa vara. There is complete nonunion 
of the neck of the femur on the right. 


The patient’s history and the family history were unimportant. The complaints 
were bilateral limp and pain in the right hip. 

The patient began to walk late; the exact age was unknown. She had limped 
since she began to walk. For a long time the right hip had pained her after any 
unusual strain. She had recently made a misstep, and her right foot slipped (she 
did not fall). The pain in the right hip was acute. Since then the pain had 
become more marked. After sitting for a while she had great difficulty in starting 
to walk again. 

Examination on July 12 showed that the patient was in good condition. The 
lumbar lordosis had increased. There was a bilateral limp which was extreme on 
the right, with instability of the right hip. The greater trochanters were elevated 
and prominent on both sides, especially on the right. There was apparent shorten- 
ing of the right lower extremity of about 1 inch. The right hip was flexed to 
120 degrees and was in 15 degrees of adduction. The’ left hip could he abducted 
to 15 degrees. Flexion was permitted to 90 degrees on both sides. Xo abduction 



ZADEK—COXA VARA 


95 


was permitted on the right side. The patient had a positive bilateral Trendelen- 
burg sign. Measurements showed: R.A., 28H inches; L.A., 29 inches; Rb, 
30^2 inches; L.U., 31^ inches; R.T., 16jri inches; L.T., 19 inches; R.C., ~/z 
inches, and L.C., 12J6 inches. 

Roentgen examination showed a bilateral coxa vara of 90 degrees on the left 
and nonunion on the right, with prominent beaked greater trochanters, an attenu- 
ated neck of the femur on the left and an ununited fracture of the neck on the 
right. Both acetabula were irregular in outline. This was more marked on the 
right side. The heads were subluxated from the acetabula interiorly. There was 
almost complete absorption of the neck of the femur on the right. The acetabula 



I: 

i. 


Fig. 25 (case S) . — Appearance six years after performance of a Whitman 
reconstruction operation on the right hip. 

were shallow. The greater trochanter on the right was displaced upward to a 
marked degree. 

"the patient was operated on on July 29, a Whitman reconstruction operation 
being performed. A large L -shaped incision, with the convexity downward, was 
made on the lateral aspect of the thigh, and the fascia was cut in the same line. 
The muscles attached to the greater trochanter were isolated, and the greater 
trochanter ostcotoniized and reflected upward. The capsule was then opened, and 
the head of the femur was removed. There was nonunion of the neck of the femur. 
Ihe reconstructed neck was placed in the acetabulum. A large portion of the 
greater trochanter was removed. (This was osteotomized earlier in the opera- 
1,1 n,t The capsule was closed, and the remaining portion of the trochanter 
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sutured lo the femur lower down. A plaster of pan's spica was applied, includi* 
l lie toes, with the hip in 30 degrees of abduction and slight flexion, the knee in 
sliglit flexion and the foot at a right angle. 

On examination on Nov. 23, 1932, the patient appeared to be in excellent condi- 
tmn She was somewhat overweight. She walked without assistance but with a 
marked limp on the right side. The back was Hat. There was no evidence of 
lumbar lordosis. The chest, abdomen, back and upper extremities presented no 
evidences of deformity. 

There was apparently an enormous overdevelopment of the left thigh, due to 
hypertrophy of the muscles or possibly anterolateral bowing of the femur. Exten- 
sion at the hip joint was normal. Flexion was possible to an angle of 80 degrees. 
Abduction was limited to an angle of 5 degrees. Outward rotation was almost 



Fig. 26 (case 8) .-—Appearance six years after a reconstruction operation on the 
right hip and six weeks after wedge osteotomy on the left hip with removal of the 
prominent portion of the greater trochanter. Roentgen examination was made 
between changes of plaster of paris spicas. 


free. Inward rotation was markedly restricted. Pressure over the greater tro- 
chanter was somewhat uncomfortable. Pressure over the front and back of the 
hip was not painful. There was a slight degree of hyperextension at the knee join 

with a suggestion of knock knee. . , 

There was, similarly, overdevelopment of the right thigh. A L -shape - • . 
the result of a reconstruction operation performed six years previously, was seen. 
Extension at the hip joint was free. Flexion was limited to an angc o 
degrees. Abduction was possible to an angle of about 10 degrees. ‘ 

was entirely limited. Outward rotation was markedly restricted The • - 
slight hypertrophy of the knee joint. Manipulation of the limb *zsn t-JJ 
Measurements showed: R.A, 29 inches; L.A., inches, R.T., - .. 

L.T., 23J% inches. 
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On November 25 a subtrochanteric wedge osteotomy of the left hip was per- 
formed, and the prominent portion of the greater trochanter (the superfluous 

part) was excised. . . 

On Jan. 15, 1933, the patient was still wearing a plaster ot pans spica on the 

left side. 

C ASE 9 . X. p. ; a white woman, aged 23. was last examined at the Hospital 

for Joint diseases on Jan. 20, 1933. The complaints were a limp on both sides 
and pain in the right hip. 

The patient stated that she has three brothers and four sisters, all of whom 
were taller than she. She said that she did not know at what age she began to 



Fig. 27 (case 9). — Bilateral congenital coxa vara with nonunion of the right 
hip. The distal portion of the neck of the femur has not risen above the 
acetabulum because of a heavy fibrous union with interlocking of the fragments. 

walk, but that she had limped as long as she could remember. Following a fall 
down a stone stairway three years before, her disability and limp on the right side 
had increased. She was not completely disabled at this time but remained in bed 
off and on for a period of two weeks. 

Examination on admission showed that when the patient stood the pelvis was 
level. The right posterior superior iliac spine was half an inch lower than the left. 
The knees were in contact. There was no lateral inclination of the trunk. The 
lumbar lordosis was slightly increased. The posture was only fair. There was 
forward inclination of the head and neck. The patient walked with a limp on 
F th Mdcs and presented a bilateral positive Trendelenburg sign. There was no 
'l 1 '" 1 '"’ <’> the spinal muscles. The spine was flexible. There was slight fulness 
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to the eft in the lumbar region. The greater trochanters were elevated The 
plane of the lnps, as compared with the shoulders, was apparently normal The 
greater trochanter on the right was considerably more elevated than that on the 
left The pelvis was rather broadened. The patellas were present. There was 
no deformity of the feet. 


As the patient lay on the table in the supine position, the lumbar lordosis was 
found to be increased and the right hip flexed to 160 degrees. There was no fixed 
flexion deformity on the left side. The right hip could be flexed to 90 degrees. 
The lower extremities were in slight adduction. The right hip could not be 
abducted. Internal and external rotation of the right hip were about one-third 
normal. There was sensitiveness to pressure over the anterior aspect of the right 
lu'p. The left hi p could not he abducted. It could be flexed to SO degrees. The 
internal and external rotations were about three-quarters normal. Hyperextension 
was nearly normal. Measurements showed: R.A., 27% inches; L.A., 27% inches; 
R.U., 30% inches; L.U., 31 inches; R.T., 16% inches; L.T., 17 % inches; R.C. 
11% inches, and L.C., 11% inches. 

Roentgen examination on Nov. 30, 1931, showed a bilateral coxa vara of SO 
degrees on the left and 45 degrees on the right. The greater trochanters were 
beaked and prominent. The neck of the femur on the left was attenuated, but tbere 
was bony union. The head of the femur was subluxated inferiorly from the 
acetabulum. It was much broader than the neck of the femur. The greater 
trochanter was almost in contact with the side of the pelvis. The acetabulum was 
small and misshapen. 

The right hip showed a lack of union in the neck of the femur. The base of 
the neck of the femur, however, was in contact with the head fragment by a heavy 
fibrous union. The head of the femur was almost completely subluxated inferiorly. 

It was relatively large. The acetabulum was much smaller than that on the left 
and more irregular in outline. The greater trochanter was in contact with the 
ilium. 

The patient is now considering having an operation on the hips, principally to 
give her abduction. 

Case 10. — D. R., a white girl, aged 5 years, was admitted to the Hospital for 
Joint Diseases on Feb. 3, 1933, complaining of pain in the right hip and a right- 
sided limp. 

The family history was unimportant. The patient was a full-term baby. 
Delivery was normal and noninstrumental. The patient walked at the age of 
14 months. 

The mother stated that three weeks before admission the child began to walk 
with a limp on the right side. There was no history of injury or of illness pre- 
ceding the present condition except mumps one month previously, from which the 


patient made an uneventful recovery. . 

Examination on February 4 showed that the child was in good condition. - w 
walked with a limp on the right side. The right hip was more prominent than 
the left. The right side of the pelvis was held slightly higher than the e 
child presented a positive Trendelenburg sign on the right side. 

As the patient lay on the table the greater trochanter on the right 
to be elevated and more prominent than that on the left. . T ie iea s 01 ^ 

could be felt in the position of the acetabula. Abduction at the ri p P ‘ 
permitted to 20 degrees: at the left, to 50 degrees. Internal rotation of the right 
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hip was about two-thirds normal. The right hip was in full extension, and 
flexion was not limited. Measurements showed: R.A., 20J4 inches, and L.A., 2134 
inches. 

Roentgen examination on February 3 showed a congenital coxa vara of the 
right hip of 90 degrees. The epiphyseal line was vertical and branched at its 
inferior pole. The head of the femur was low in the acetabulum. 

The child was operated on on February 6. A lateral incision was made, begin- 
ning at the greater trochanter and extending down the shaft. Several drill holes 
were made through the upper portion of the shaft, extending into the neck of the 
femur through the epiphyseal line. The deeper tissues were closed with catgut, 
and the skin with silk; soft dressings were applied. 

When the epiphyseal line disappears an operation is to be performed for the 
correction of the coxa vara. 



Fig. 28 (case 10). — Right congenital coxa vara. 


SUMMARY AND CONCLUSIONS 

A complete review is here presented of ten cases of congenital coxa 
vara. Eight of the patients were children, and two were adults. Four 
of them were males and six were females. Three of the children were 
colored. The two adults were white. In four of the cases the involve- 
ment was bilateral, and in six only one hip was involved. In four of 
the eases in which the lesion was unilateral the left hip was involved, 
in two, the right. 

A complete review of the history of congenital coxa vara is pre- 
sented. 

1 he ctiolog) of the condition is not known. The various theories 
are presented. 
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The microscopic appearance of the lesion 
teristic. 


shows nothing charac- 


i he history of the specific case is suggestive of congenital coxa vara, 
and the case must be differentiated from congenital dislocation, espe- 
cially if the lesion is bilateral. 


1 lie roentgen appearance is unusual and thoroughly pathognomonic. 
If one is not familiar with the roentgen appearance, the coxa vara will 
probably be misinterpreted as a fracture of the neck of the femur with 
nonunion. 


The prognosis is governed by the treatment employed. 

The conservative treatment (heretofore the only treatment employed) 
is obsolete. The proper procedure consists of two surgical phases: 
(1 ) Bony union should be produced in the defective portion of the neck 
of the femur, preferably, in my opinion, by drilling, and (2) when this 
union is secure, the depressed neck of the femur should be elevated by 
a subtrochanteric wedge osteotomy. 


Note. — Since this article was written I have seen a number of cases 
of congenital coxa vara, indicating that the condition occurs more fre- 
quently than I previously thought. I have also found it feasible to drill 
the neck of the femur to cause ossification in the defective portion of 
the neck and to do a subtrochanteric wedge osteotomy for the correction 
of the coxa vara at one operation. 


Dr. Samuel Kleinberg permitted me to operate on several of these patients. 
Dr. Leo Mayer, Dr. Harry Finkelstein and Dr. Herman C. Frauenthal allowed me 
to use material from their services. 
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IRRADIATION IN THE TREATMENT OF TUMORS 
OF THE PITUITARY GLAND 


REPORT OF TWENTY-THREE CASES 

CARL W. RAND, M.D. 

AND 

RAYMOND G. TAYLOR, M.D. 

LOS ANGELES 

During the past decade increasing interest has been shown in the 
treatment of tumors of the pituitary gland by high voltage irradiation. 
Approximately twenty-six years ago, impetus was given to this form of 
treatment by Granregna 1 ( 1909) , who was the first to report treatment by 
this method of a tumor of the pituitary gland. His patient, an acromegalic 
woman with rapidly failing vision, was given two courses of treatment in 
the years 1907 and 1908, respectively. The first was followed by some 
improvement in her vision, which later failed. She was not helped by 
the second course of treatment. He felt that the acromegalic features 
of the case were arrested. The radiation was given through the mouth, 
as being the nearest portal of entry to the pituitary gland and offering 
relatively little bony resistance to the rays. He felt that the mucous 
membranes tolerated irradiation as well as, or better, than the skin, 
and that the brain and other normal tissues of the central nervous sys- 
tem, such as the optic nerves, were not injured by the treatment. 

Greater attention has been paid to irradiation of chiasmal lesions in 
Europe than in this country. Magnus 2 (1928). Nordentoft 3 (1928), 
Beclere 4 (1922 and 1929). Sgalitzer 5 (1929) , Fraticelli 6 (1930), 

1. Gramegna. A.: Un cas d'acromegalie traite par la radiotherapie, Rev. 
ncurol. 17:15, 1909. 

2. Magnus, Hans: Rontgenbestrahlungen der Hypophvsentumoren, nebst 
Bcnterkungen itber hemianopische Pupillenstarre, Arch. f. Ophth. 121:^25 (Oct 
13) 1928. 

Nordentoft, Jacob: Bons efTets de la radiotherapie dans un cas de turneur 
hypophvsaire, J. radiol. et delcctrol. 12:280 (June) 1928. 

•t Beclere, M. A.: Technique, resultats. indications et contre indications de 
la roentgentherapie des tumeurs hypophysaires. Rev. neurol. 38:808, 1922; Les 
adetuimes hypophysaires de l'adolescence et de l’enfance justiciables de la radio- 
tlierapie, ibid. 1:463, 1929. 

X Sgalitzer. Max. : Erfalirungen mit der Rontgenbehandlung bei Hypophvsen- 
geschwulsten, Wien. mcd. Wchnschr. 79:566, 1929. 

6. I-raticelli. Aureliano: La roentgenterapia net tumori ipofisari a sindrome 
clnastnaticn : teen ica e risnltati. Atti di ottal. e ocul. 58:756, 1930. 
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Tuscfowa Czerny and Hemismann 7 (1930) and Nemenow and Juge n- 

( ^. 2S) have re i )orted senes of cases in which this treatment was 
given rite consensus seems to be that temporary improvement of 
visual disorders resulting from the pressure of a tumor of the pituitary 
gland on the optic chiasm follows high voltage treatment. One of 
Nemenow s patients retained practically normal vision for seven years 
following treatment. Beclere expressed the belief that irradiation does 
not completely stop the evolution of the adenoma , but felt that it should 
be tried before resorting to surgical intervention. Jusefowa, Czerny 
and Hcinismann advised decompression prior to irradiation in cases 
showing increased intracranial pressure. Most observers are in agree- 
ment that acromegalic symptoms in general have been arrested by high 
voltage treatment. 

In this country less attention has been paid to irradiation of tumors 
of the pituitary gland, more emphasis having been placed on their 
surgical treatment. Frazier and Grant 9 (1925), in reviewing one hun- 
dred cases of pituitary lesions, stated that there were only three in 
which unquestionably the lesions were favorably affected by irradiation, 
and they doubted the permanency of these results. They did not state 
how many patients of the series received high voltage irradiation. Later, 
in 1930, Frazier, 30 in a report of a larger series of pituitary disorders, 
two hundred and thirty-one cases, again discussed the question of 
irradiation. Ten cases were reported in detail, in two of which the 
patients received high voltage irradiation. One received three courses, 
with marked improvement for more than three years. He stated : U T his 
is the only case in my experience in which the beneficial effects of 
irradiation have been sustained.” The second patient was not helped 
by one series, and was subsequently improved by transfrontal crani- 
otomy. Frazier asked: "Under what circumstances is one warranted 
in trying the effects of irradiation, with the risk of what delay in 
operation may mean?” He based his answer, not so much on the dis- 
tortions of the field as on the appearance of the disk. He felt that if 
the capillarity of the disk is essentially normal operation can be post- 
poned with propriety, but that, as is frequently the case when the 

7. Jusefowa, F. L. ; Czerny, L. I., and Heinismann, I. : Roentgen Therapy 
in Tumors of the Area of the Hypophysis, Klin. MonatsbI. f. Augcnli. 8513-14 
(Sept.) 1930. 

S. Nemenow, M., and Jugenburg, Anna: Die Strahlenbehandhing dcr Hypo- 
physentunioren, $trah!entherapie 30:238, 1928. 

' 9. Frazier, C. H„ and Grant, F. C.: Pituitary Disorder: A D.gcst of One 
Hundred Cases with Remarks on the Surgical Treatment, J. A. . f. / • 

(0 fo Frazier"' C H.: A Series of Pituitary Pictures; Commentaries <>n the 
PatlologR Clinical and Therapeutic Aspects, Arch. Neurol. & P,vclna,. »:6rf 
(April) 1930. 
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patient is already blind in one eye and vision is rapidly failing in the 
other, procrastination is never justifiable. He emphasized the tact that 
irradiation will have no influence on a pituitary lesion which is already 
cystic, and added that there is no way, except by operation, oi determin- 
ing the precise nature of the lesion. Towne 11 (1926 and 1930) 
reported a series of five cases of tumor of the pituitary gland treated 
by roentgenotherapy. Two cases reported in 1926 were again reviewed 
in his 1930 report. In general, he summarized the situation as follows : 
“Eighty per cent of pituitary adenomas are solid, and twenty per cent 
are cystic. Twenty per cent of patients retain useful vision for more 
than five years after operation ; eighty per cent show no improvement 
or, after more or less marked improvement, have recurrences after about 
two years. Operative treatment of pituitary adenomas has a mortality 
ranging from 7 per cent upward ; roentgen-ray treatment has no mor- 
tality.” Cases were reported showing long-standing favorable results 
from roentgen treatment and likewise showing that if irradiation does 
not give good results, a diagnosis of cystic tumor, favorable for oper- 
ation, may be made. He felt that all pituitary adenomas should be 
treated by roentgen rays under the observation of an ophthalmologist 
and a neurosurgeon, and that surgical intervention should be undertaken 
short of six months only when visual acuity and the fields recede under 
roentgen treatment. Dyke and Gross. 12 in 1931, discussed roentgeno- 
therapy of tumors of the pituitary gland, and reported five cases in 
which it was given. They stated that for some years it has been 
Elsberg’s opinion that every patient with defects of the r-isual fields due 
to a pituitary neoplasm should first receive a course of high voltage 
therapy. This should be continued if improvement occurs. If, on the 
other hand, the visual fields and acuity recede, surgical intervention is 
indicated. Like Towne, they looked on irradiation as a diagnostic test 
to separate the patients requiring surgical intervention from those not 
immediately requiring it. Three of their patients, presumably having 
adenomas, showed definite improvement in both visual fields and visual 
acuity. The headache was entirely relieved. The two remaining 
patients showed no further loss of vision, although they were said to 
have improved subjectively. Dyke and Gross mentioned an additional 
case, in which the patient had been treated elsewhere with only 
temporary improvement. At operation later the lesion proved to be a 
cr stic adenoma. One patient of their series, with acromegalv and 


11. Towne, E. B. : Roentgen-Ray Treatment of Pituitary Tumors, Arch. 
• vurol. & Psychiat. 15:92 (Jan.) 1926: Treatment of Pituitary Tumors: The 
Hole of the Roentgen Ray and of Surgery Therein, Ann. Surg. 91:29 (Jan.) 1930. 

D. Oyhc. Cornelius G., and Gross, Sidney W. : The Roentgenotherapy of 
1 Unitary Tumors. Bull. Neurol. Inst. New York 1:211 (June) 1931. 
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presumably a chromophil adenoma, was improved. Heuer, 1 * in 1933, 
gave an excellent resume of the surgical treatment of tumors and other 
lesions about the optic chiasm. His closing words concerning irradiation 
of the lesions summarize his attitude. He stated: 

Hie X-ray has been a distinct contribution to the treatment of hypophyseal 
adenomata, both chromophil and chromophobe. In certain cases it may check the 
growth of the tumor and delay or make unnecessary its operative partial removal. 
It is a valuable adjunct and should in our opinion be used routinely in the post- 
operative treatment of these tumors. It is possible that the improvement in the 
results of the operative treatment of hypophyseal adenomata, attributed in part by 
us to the more logical removal of that portion of the tumor directly compressing 
the chiasm and nerves, may in greater part be due to more frequent use of post- 
operative X-ray 1, treatments. The use of this method is not without danger. Its 
use as an alternative to surgery presupposes accurate pathological diagnosis, for, 
so far as our present knowledge goes, the hypophyseal adenomata alone of the 
many lesions about the chiasm respond to it. Its indiscriminate use in lesions 
about the chiasm may do great harm; and it should in our opinion be given only 
with the knowledge and consent of those familiar with these lesions. 


Sachs 14 (1931), in discussing the treatment of tumors of the 
pituitary gland, favored surgical intervention, although in discussing 
two cases of chromophil adenoma in which operation was done with 
beneficial results, he expressed the opinion that both cases could have 
been equally well arrested with high voltage therapy. He added: 
“Certainly, in the light of our present knowledge, one should try this 
first, before resorting to operation.” Cushing 13 (1932) was anything 
but enthusiastic regarding irradiation of the lesions. He stated: 

So far as concerns radiotherapeusis, at least in the case of the chromophobe 
adenomas, it is safe to say that it will come to be discarded just as radiation for 
exophthalmic goitre has been, so soon as neurosurgeons as a class perfect them- 
selves in the details of the operative procedure. It may reasonably be assumed 
that in those clinics where radiation for these lesions is still routinely advocated, 
the surgical results have been poor and the mortality' disturbingly high. 

He added in a footnote: “The chromophile adenomas in our experi- 
ence appear to be more definitely' susceptible to radiation. 

Homans 16 (1932) was somewhat more enthusiastic regarding 
irradiation of both chromophobe and chromophil adenomas. He stated : 
“In both forms of adenoma, radio-therapy is beneficial and may deserve 


13. Heuer, George J.: The Surgical Approach and the Treatment of Tumors 
and Other Lesions About the Optic Chiasm, Surg., Gynec. & Obst. 53:489 (Oct.) 


14. Sachs, Ernest: Diagnosis and Treatment of Brain Tumors, 

C. V. Mosby Company, 1931, p. 296. _ 

15. Cushing, Harvey: Intracranial Tumours, Springfield, III., 


Thomas, Publisher, 1932, p. 79. . T1 , 

16. Homans, John: A Textbook of Surgery, Springfield, 111., 


St. Louis, 
Charles C. 
Charles C. 


Thomas, Publisher, 1932, p. 564. 
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a trial before recourse is had to surgery. The cliromophile adenomas 
appear to be particularly susceptible to the effects of radiation. Bailey 
(1933) stressed the point that effective treatment of pituitary adenomas 
can be controlled only by carefully examining the visual fields. He 
was not adverse to, and even recommended, high voltage therapy in 
such cases, provided the vision is not jeopardized. He stated'. 

The growth of an adenoma can sometimes be retarded and even a regression 
in size obtained by persistent roentgen-radiation. This observation has been often 
repeated and certainly, if there is no immediate danger to vision, roentgen-radia- 
tion should be tried in every case. It should not be forgotten, however, that 
serious accidents may occur, noticeably from edema or from hemorrhage into the 
tumor immediately after too energetic radiation. In either case vision rapidly fails 
and prompt operation is necessary. 

Globus 1S (1933) considered that surgical intervention in adenoma 
of the pituitary gland yielded the most satisfactory results. Regarding 
high voltage therapy, he stated: 

Occasionally high voltage roentgen or radium therapy may give rise to apparent 
improvement and to the false hope that the pathologic process has been arrested. 
However, in the course of time an explosive reappearance of symptoms will 
shatter one’s belief that the disease process may remain permanently dormant. 
Unfortunately, at such a time the expanded lesion has extended into such regions 
as to make a surgical approach prohibitive. 


He cited the case of a woman, aged 31, who had unmistakable signs 
of tumor of the pituitary gland which showed its presence by amenor- 
rhea for sixteen years. At the age of 26 the diagnosis of tumor of the 
pituitary gland was made. A bitemporal hemianopia existed at that time. 
After an unsuccessful attempt to remove the growth by an intranasal 
approach, radiotherapy was instituted, with gratifying improvement and 
widening of the visual fields. This improvement was maintained for 
five years. Following this the patient showed signs of intracranial 
extension of the growth, and apparently died during a craniotomy for 
removal of the growth. He commented that removal of the tumor at an 
earlier stage might have altered the sequence of events. The autopsy 
showed a relatively small tumor of the pituitary gland, with a large 
extension in the interpeduncular space and invasion of the third 
ventricle. He did not state the type of tumor. One wonders whether, 
after having five years of relief from radiotherapy, her life might not 
have been prolonged and improvement might have occurred again if 
further radiotherapy, instead of surgery, had been adopted. 

17. bailey. Pcrcival : Intracranial Tumors, Springfield. 111., Charles C. Thomas. 
Publisher, 1933, p. 111. 

IS. Globus. I. H.: Tumors Affecting the Optic Chiasm and Optic Tracts: \ 

c’.™, f" r , VC - V of Tbcir C!im ' ca! and Anatomic Features, Arch. Opluh. 

(May) 19_v\ 
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I he use of high voltage therapy was concretely brought to the 
attention of one of us (C. W. R.) in 1920, when a patient having a 
symptomatic chromophobe adenoma was given irradiation by Dr Albert 
So, land of Los Angeles. The patient, a man, had a temporal hemianopia 
on the right, and a loss of vision in the lower fields on the left, general 
hypopituitary symptoms, and a greatly enlarged sella turcica with 
atrophy of the posterior clinoidal processes. Primary optic atrophy was 
pi esent on both sides. The treatments were given through four portals 
of entiy, cioss-firing the hypophysis. The exact dosage cannot be 
computed in the terms of units now employed, but he is said to have 
i eceived doses from a high potential source. His vision soon began 
to impiove, and his headaches disappeared. Subsequent^, high voltage 
tieatments were given him in Stockholm. Ten years later he was 
reported as being free from headaches, having serviceable vision and 
being clinically well. The case is not included in this series, as the 
details were not sufficiently followed to permit its use as an accurate 
clinical record. However, there is little doubt that the patient was 
greatly benefited by high voltage radiation, and that the period of 
improvement has lasted for more than a decade. 


REPORT OF CASES 


Case 1. — Advanced pituitary tumor -with acromegaly, probable chromophil 
adenoma (unverified). Blind in the right eye; temporal hemianopia in left visual 
field; headaches. Marked improvement in left visual field nine years after one 
course of high voltage irradiation. 

E. G., a woman, aged 54, married, a housewife, was referred by Dr. A. P. 
Maisch, Los Angeles, on June 11, 1924. Failing visiofi had been noticed since 
1919. During 1919 there was a period of terrific headaches associated with nausea 
and vomiting and accompanied by two convulsions. Later the headaches became 
less severe; marked mental changes in the nature of Witselsucht and considerable 


weakness of the left leg developed. 

Examination revealed an acromegalic woman about 5 feet, 3 inches (160 cm.) 
tall, weighing 145 pounds (65.8 Kg.). The hands were thick and spadelike, the 
feet large and the features coarsened, with an increased growth of hair on the 
face. She was completely blind in the right eye, and ocular movements on this 
side were limited. The right pupil was dilated and did not react to direct light, but 
reacted consensually. The left pupil was smaller and reacted to direct light, but 
not to consensual light. There was advanced primary optic atrophy on both sides, 
the disks being sharply outlined and very pale. The veins were large, but the 
arteries were almost threadlike. The deep reflexes were increased on the left side. 
No abnormal reflexes of the Babinski group were present. The Wassermann 
reaction of the blood was negative. Roentgenograms of the skull showed marked 
enlargement of the sella turcica and rarefaction and thinning of the floor of the 


posterior clinoid processes (fig. 1). . , . 

Operation was advised, but refused. Because of the refusal and the fact him 
the patient was fast becoming blind, a course of high voltage therapy was gunr 
This was followed by a violent reaction, accompanied by headaches and >j> 
thermia. She remained in a semicoma for twenty-four hours, and cxlu 
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of increased intracranial pressure for two days subsequently. Figure 1 shows the 
visual fields on June 27, shortly before irradiation. It also shows the visual fields 
on Oct. 30, 1931, more than seven years later. On the left side, there is some 
improvement both in the fields and in acuity. We have recently been informed 
(June 4, 1933) that she is free from headaches and is mentally dearer, but has 
an occasional convulsion. On the whole, nine years after high voltage therapi , 
her general condition is better, and she has serviceable vision in her left eje. 

Comment . — This patient was the first treated. She received only a 
moderate total dose of irradiation, but a larger initial dose than we were 



Fig. 1 (case 1). — Chromophil adenoma (unverified). The perimetric fields 
before irradiation are shown above, and those following irradiation below. While 
there was no return of vision in the blind right eye, vision was improved in the 
left for more than seven years. Operation was refused. The insert shows a 
tracing of the enlarged sella turcica. The posterior clinoid processes are prac- 
tically obliterated. 

m the habit of giving subsequently. She received approximately 300 
roentgens (r) in two successive days, and a week later approximately 
400 r at one treatment. She had the most violent reaction, following 
the last treatment, of any patient of the series, consisting of nausea, 
vomiting and convulsions; in fact, she had the only reaction that was 
alarming. Prior to treatment she showed signs of increased intracranial 
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cautious in the amount of radia, Jadmini^S 

In most, if there was a temporary increase in the headaches or increased 
blurring of v.s.on, we either decreased the dose or lenlened th 
intervals between treatments. 

HvSTv 2 :~ P>tuita T ry Umor > probable Chromophobe adenoma (grossly verified) 
Hypopituitarism. Incomplete operative removal, followed by higl voltage inat 



Fig. 2 (case 2). — Chromophobe adenoma (grossly verified). Above are the 
perimetric fields before irradiation or operation, and below are the fields one year 
subsequent to partial removal of the tumor followed by a course of high voltage 
therapy. The insert shows a much enlarged sella turcica invading the sphenoid 
sinuses, and the absence of posterior clinoid processes. 


tion. Total blindness in left eye, uninfluenced. Vision in right eye temporarily 
improved, but later lost. 

B. F. H., a man, aged 23, single, a tutor, was referred by Dr. F. B. Clarke, 
Long Beach,’ Calif., on Dec. 14, 1925. There had been failing vision in the left eye 
for three years and in the right eye for the preceding few months. At the time of 
our first examination, the patient was totally blind on the left side, with a temporal 
hemianopia on the right (fig. 2). There had been a period of severe headaches 
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three years previously. At the time of examination, headaches were infrequent 
and mild. 

Examination revealed a man, 5 feet, 7 inches (170.1 cm.) tall, weighing 190 
pounds (86.2 Kg.), obese, of feminine build and showing characteristics of hypo- 
pituitary disturbance. The right dish was choked, and the left showed hazj 
margins, the disk itself being distinctly pale. The latter appeared to be a secondary- 
atrophy following an old choked disk. There was palsy of the external rectus 
muscle on the left. The right pupil did not react to direct light; the left reacted 
sluggishly. The Wassermann reaction of the blood was negative. Roentgenograms 
of the skull on December 16 showed erosion of the posterior clinoid processes ; the 
floor of the sella turcica was practically gone, and there was marked enlargement 
of the region of the sella turcica (fig. 2). 

On Dec. 6, 1925, and Jan. 2, 1926, a two stage operation was performed, and a 
left frontal approach of the pituitary gland was carried out. An oral, mulberry- 
like tumor was found, which was highly vascular, and was only partially removed. 
Four and a half months following the operation he was given fairly- vigorous high 
voltage therapy, with some improvement in vision on the right for approximately 
twelve months (fig. 2). He died on March 19, 1927, and at that time had only 
perception of light in the right eye. Permission for autopsy was not obtained. 

Comment . — The tumor in this case was partially removed at oper- 
ation, and decompression was carried out five and a half months prior to 
high voltage therapy. The treatment was given fairly rapidly without 
untoward reaction. In spite of both methods of treatment and temporary 
improvement, the patient’s vision completely failed, and death occurred 
approximately two years after the patient came under observation. 

Case 3. — Pituitary tumor; probable chromophobe adenoma (unverified'). 
Bitemporal hemianopia; headaches; hypopituitarism. Improvement maintained for 
more than six years jollozoing high voltage irradiation. 

H. J. F., a man, aged 42, married, a rancher, was referred by Dr. George W. 
McCoy, Los Angeles, on Sept. 7, 1926. There had been failing vision in the left 
eye for the previous ten years. About two months before coming under our 
observation vision in the right eye began to fail. At our first examination the 
visual fields showed a fairly typical bitemporal hemianopia (fig. 3). During this 
time he had been having rather severe frontal and bitemporal headaches. These 
headaches were intermittent, usually lasting from one to two days at a time. He 
tired easily. 

Examination revealed a man 5 feet, 7 inches tall, weighing 150 pounds (68 Kg.). 
His skm was rather dry and the beard was not as heavy as formerly, both moderate 
characteristics of hypopituitarv disturbance. The eyegrounds showed both disks 
sharply outlined, with clear optic cups and moderate temporal pallor. The left 
disk was paler than the right. The Wassermann reaction of the blood was nega- 
tive. The neurologic examination revealed no abnormalitv. Roentgenograms of 
the skull showed a complete loss of the posterior clinoid processes, with consid- 
erable absorption of the anterior processes. The sella turcica was enlarged and 
the floor depressed (fig. 3). 

Comment. The patient was given high voltage treatment, with defi- 
nite improvement of the visual fields which has lasted over six years 
1 flg - 3 >- Hc received three moderate courses of high voltage irradiation 
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Fig. 3 (case 3). — Chromophobe adenoma (unverified). In the upper fields the 
fairly typical bitemporal hemianopia which existed before high voltage therapy 
(1926) is seen, while the fields below show the marked improvement following 
one course of high voltage irradiation. The improvement lasted for more than 
six years. The insert shows a tracing of the sellar region. The sella turcica is 
of the large, flattened type, with the posterior clinoid processes practically absent 
and little invasion of the sphenoid sinuses. 


subject to sick headaches, which, during the preceding three years, had decreased. 
Since then she had failing vision, which went on to almost complete blindness in 
the right eye and low vision in the left (fig. 4). 

Examination revealed an undersized, undernourished woman, with few, if an>, 
general characteristics of pituitary disorder. There was double primary optic 
atrophy, with marked contraction of the vessels. The left pupil was larger than t ie 
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right, and both were practically static to light. The Wassermann reaction of the 
blood was negative. Roentgenograms of the skull showed enlargement of the sella 
turcica, with marked thinriing of the floor and complete absorption of the posterior 
clinoid processes (fig. 4). 

She was given a course of high voltage therapy consisting of twelve doses ot 
200 r given at irregular intervals during a period of four weeks. In spite of this 
her vision continued to fail, and irradiation was stopped on November 25. By 
Feb. 7, 1929, she was completely blind in the right eye (fig. 4). She was operated 
on in February, at which time a mulberry-like hypophyseal tumor was found. 
Small portions were nibbled away. Microscopic examination revealed evidence of 



Fig. 4 (case 4).— Adenocarcinoma (verified). Above are the perimetric fields 
before irradiation, showing temporal hemianopia on the right and the remaining 
field of vision in the upper nasal quadrant on the left. Below, the fields show the 
loss of vision following roentgen irradiation four months later. The insert shows 
a moderately enlarged sella turcica with little destruction of the anterior or posterior 
clinoid processes and little encroachment on the sphenoid sinuses. 

adenocarcinoma of the pituitary gland. Following the operation cerebral edema 
developed, and the patient died twelve hours later. 

Comment. This patient had treatment over a period of five weeks, 
which, from a roentgenologic point of view, was unsatisfactory because 
die treatments were given at irregular intervals. No favorable reaction 
followed the irradiation. Autopsy was not permitted. 
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Case 5. — Pituitary tumor, adenocarcinoma (verified). Temporary improvement 
following high voltage therapy and operation. 

H. G. E., a man, aged 49, married, a banker, was referred by Dr. H. Douglas 
Eaton, Los Angeles, on Sept. 13, 1929. The patient first noticed failing vision 
three and a half years previously, and for about three years had had considerable 
headache, especially on waking in the morning. During the previous year there 
had been little if any headache. The visual fields, when first seen, showed an 
atypical bitemporal hemianopia (fig. 5). 

Examination revealed a man 5 feet, 7 inches tall, weighing 126 pounds 
(57.2 Kg.). He had a pasty look and was of the hypopituitary type, with dry 
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He was given a course of high voltage roentgen therapy consisting 
of doses of 150 or 200 r four times a week for three weeks during 
October and November 1929, and in January 1930 a shorter similar 
course for two weeks. He showed considerable improvement in the 
visual fields (fig. 5). This improvement, however, soon began to fail, 
and he went to the Mayo Clinic on April 24, 1930, where he was 
operated on by Dr. Learmonth on May 2. An adenocarcinoma of the 
pituitary gland was found. A decompression area was provided. 
Following operation the patient was given three courses of high voltage 
treatment, the first from May 16 to May 20, the second from July S 
to July 11 and the third from September 8 to September 11. He was 
also treated by radium between October 7 and October 21. He returned 
to the Mayo Clinic in December 1930, at which time his vision was 
continuing to fail (fig. 5). 19 

Case 6. — Pituitary tumor; probable chromophobe adenoma (unverified) in ait 
adolescent boy. Bitemporal hemianopia; headaches; hypopituitarism. Definite 
improvement in fields and headache following high voltage therapy. 

J. O. Jr., a boy, aged 16, a student, was referred by Dr. George W. McCoy, 
Los Angeles, on Nov. 1, 1929. For a year previously his vision had not been good. 
A bitemporal hemianopia was found on the first examination (fig. 6). Two 
months prior to examination he had troublesome headaches, which kept him from 
school. The headache was principally occipital. 

Examination revealed a boy, 4 feet, 11 inches (149.8 cm.) tall, weighing 95 
pounds (43 Kg.). He was undersized and distinctly of the feminine type. Sec- 
ondary sexual characteristics had not developed. There was no evidence of hair 
on the body, and a beard had not started to grow. His voice was high-pitched. 
The skin was smooth, soft and dry. The eyegrounds showed a double primary 
optic atrophy with sharply outlined disks and marked pallor. The blood vessels 
were in good condition. The Wassermann reaction of the blood was negative. 
Roentgenograms of the skull showed marked enlargement of the sella turcica, 
with thinning of the posterior clinoid processes (fig. 6). 

He was given two courses of high voltage therapy, following which there was 
marked improvement in the visual fields. The fields recorded on Aug. 28, 1931, 
showed approximately the maximum amount of improvement (fig. 6). The head- 
aches disappeared. He returned to school, and the improvement of vision was 
still maintained after three years. In October, 1931, he was 5 feet, 5 inches 
(165.1 cm.) tall, weighed 111 pounds (50.3 Kg.) and was beginning to show signs 
of secondary sexual development. 

Doses of 150 r four times a week were given continuously over a period of 
seven weeks in the first course, without any serious reaction or occasion to reduce 
the treatments. The second course, four months later, was short, and unfinished, 
and probably had little influence on the result. 

Case 7.— Pituitary tumor; probable chromophobe adenoma (unverified). 
Bitemporal hemianopia; amenorrhea. Improvement of visual fields and acuity 
following irradiation. Amenorrhea uninfluenced. 

. F, a woman, aged 32, unmarried, a stenographer, was referred by Dr. E. 
Richmond W are, Los Angeles, on March 13, 1930. She first noticed failing 

^ • Adson of the Mayo Clinic provided the details regarding this 
patient's course while under observation at the clinic. 
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visi°n in the left eye in July 1929. This took the form of a tenoral hemianopia. 
She d d not recall when visual difficulties began in the right eye, but early in 
930 she became conscious of the fact that she could not see normally on that side. 
The visual fields taken at first examination showed a temporal hemianopia on the 
right and loss of vision, save for the upper nasal quadrant, on the left (fig. 7). 

Examination revealed a woman about 5 feet, 7 inches tall, weighing ISO pounds. 
The neurologic examination revealed nothing important. The eyegrounds showed 
a primary optic atrophy on each side, but with fairly large arteries and veins 
persisting. Amenorrhea started at the age of 30. The Wassermann reaction of the 



Fig. 6 (case 6). — Chromophobe adenoma (unverified). Above are the visual 
fields showing typical bitemporal hemianopia before irradiation, and below, the 
marked improvement following two courses of high voltage therapy. The insert 
shows moderate enlargement of the sella turcica with thinning of the posterior 
clinoid processes and beginning invasion of the sphenoid sinuses. 


blood was negative. Roentgenograms of the skull showed moderate enlargement 
of the sella turcica and attenuation of the posterior clinoid processes (fig. 7). 

A course of high voltage therapy was started on March 18. Within a few days 
the patient had headaches and showed marked contraction of visual fields, so 
that by April 3 the right field amounted to a small area of vision on f ie nnsa 
side and vision in the left eye was confined to a small area m the upper nasa 
quadrant In spite of this, irradiation was continued, and the first course 
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pleted on April 28. Following a similar course of treatment in July and August 
there was marked improvement in the fields, which remained statl ° n ^ A for 
than three years (fig. 7). Visual acuity improved on the right from 20/100 to 20/30. 

Comment. — Although this patient’s visual fields showed contraction 
during the early course of the high voltage therapy the treatment was 
continued in 150 r doses three times a week for six weeks. Treatment 
was then stopped for two months, after which a second, almost identical, 
course covering another period of six weeks was given. During the 



Fig. 7 (case 7) .—Chromophobe adenoma (unverified). Above, the fields 
show the condition two weeks after the first course of irradiation was started. 
Constriction was temporarily increased as a result of irradiation. Below, the fields 
show the condition two years later following the second course of irradiation. 
The gain of vision has been maintained for more than three years. The insert 
shows the sella turcica moderately enlarged, with beginning erosion of the posterior 
dinoid processes. 


second series of treatments the patient had no untoward reactions. The 
headaches disappeared. Should diminution of the fields occur again, 
further irradiation, if necessary followed by partial extirpation of the 
gland, will be carried out.' 
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Case 8 .-Pituitary tumor; chromophobe adenoma (verified). Marked Mure 
of vision, somewhat unproved temporarily by high voltage therapy. Partial removal 
of chromophobe adenoma, followed by further improvement in left field. 

A. A., a woman, aged 48, a housewife, was referred by Dr. M, Befcelman 
Los Angeles, on July 11, 1930. For five months previously she had noticed blurring 
vision, which was greater in the right eye than in the left. Headaches, while not 
a prominent symptom at first, had been increasing. Visual fields, taken by Dr. 
Bcigelman, showed slight bitemporal contraction. She was given a course of 
high voltage therapy elsewhere, but gradually her vision became worse. She 
again came under our observation on April 30, 1931, at which time there was a 



Fig. 8 (case 8). — Chromophobe adenoma (verified). Above are the visual 
fields before irradiation or surgical intervention and below, the fields two years 
after partial removal of the tumor and high voltage therapy. The insert shows 
the enlarged sella turcica, with almost entire destruction of the posterior chnoid 
processes and invasion of the posterior half of the sphenoid sinuses. 


temporal hemianopia on the left and only an island of sight remaining in the right 

lower nasal quadrant (fig. 8). . . 

Examination revealed a woman about 5 feet (152 cm.) tall, weighing ~ 
pounds (57.6 Kg.). She showed typical signs of hypopituitary disturbances. 1C 
skin was dry, the eyebrows scanty; distribution of hair over the body was prac- 
ticallv lacking and there were no lunulae on the nails except on the thumbs. 

a primary optic atrophy o„ each ride, tvi.h sharply ottthacd 
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disks, but fairly full arteries and veins. The neurologic examination revealed 
nothing of importance. The Wassermann reaction of the blood was negative. 
Roentgenograms of the skull showed practical obliteration of the posterior clmoid 
processes, with depression of the floor of the sella turcica into the sphenoid cavity-, 
so that the latter was almost absent. The sellar cavity was greatly enlarged, 
about five or six times its normal size (fig. 8). 

The fields improved appreciably following a course of high voltage therapy- 
given elsewhere, reaching their maximum about July- 6, at which time a bitemporal 
hemianopia existed. More than this w-as never attained. Following a further 
moderate course of high voltage treatment the fields failed to improve, and on 
November 19, sLx weeks after the last treatment, an exploratory operation was 
performed. A chromophobe adenoma was found and partially removed. The 
wound healed by- first intention, but after ten days or two weeks it broke down in 
places, and subsequent healing was slow-. 

Comment. — This patient had had an indeterminate amount of irradi- 
ation elsewhere, prior to coming to us. She had some loss of hair. 
During August and September 1931, she was given twenty doses of 
150 r. The intervals were irregular owing to severe headaches and 
the patient’s inability to come to the laboratory. Following the partial 
removal of the adenoma her vision again improved (fig. 8), and the 
improvement, while not as much as could be wished, remained stationary 
for more than two years. Surgical intervention in this case was more 
beneficial than high voltage irradiation. 

Case 9 . — Pituitary tumor; probable cystic chromophobe adenoma (unverified). 
Bitemporal hemianopia. Continued loss of vision in spite of irradiation. Surgical 
intervention refused. 

R. C. H., a man, aged 39, married, a bookkeeper, was referred by Dr. Carl 
Fisher, Los Angeles, on Sept. 13, 1930. Two years previously he began to have 
failing vision in the right eye. This increased. He did not know- that there was 
failure of vision of the left eye until a bitemporal hemianopia w-as found by Dr. 
Fisher on September 1. The patient had never been subject to headaches. Visual 
fields taken on September 15 showed a bitemporal hemianopia with low acuity in 
the left eye (fig. 9). 

Examination revealed a man 6 feet (182.8 cm.) tall, weighing 190 pounds. He 
showed practically no signs of pituitary disorders. There was a primary optic 
atrophy on each side, more marked on the right than on the left. The arteries 
were smaller on the right than on the left. The deep reflexes on the left were a 
little quicker than on the right, but otherwise neurologic examination revealed 
nothing relevant. The Wassermann reaction of the blood was negative. Roent- 
genograms of the skull showed an enlarged sella turcica, with the enlargement 
chiefly forward and downw-ard. There was some thinning of the posterior clinoid 
processes. The sphenoid sinuses were clear, but narrower than normal (fig. 9). 
_ Thc patient was given a course of high voltage therapy from September 18 to 
November 6, with slight temporary- improvement, but by December 31 vision had 
again failed,, so that one was unable to chart the left side accurately, and what 
%i?ion remained on the right side appeared to be in the upper nasal quadrant 
(fig. 9).. Exploration of the pituitary region was strongly urged, but was refused. 
The patient has not been seen since. 
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Fig. 9 (case 4). — Cystic chromophobe adenoma (unverified). Above are the 
perimetric fields when first seen, and below, the fields showing further loss of 
vision three months later following high voltage therapy. Surgical intervention 
was refused. The insert is a tracing of the sella turcica showing moderate enlarge- 
ment of the structure with some clubbing of the posterior clinoid processes and 
no invasion of the sphenoid sinuses. 


polyuria and polydipsia for many years. He drank about twelve glasses of water a 
day. Four years previously he began to have failing vision, more marked in the 
left eye. The visual fields, taken on December 16, show atypical bitemporal 
hemianopia (fig. 10). The patient had been having dull bitemporal and frontal 
headaches for several weeks previous to the examination. 

Examination revealed a man with characteristics of abnormal function of me 
pituitary gland, about S feet, 10 inches (177 cm.) tall, weighing 164 pounds 
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(74.4 Kg.). The neurologic examination revealed no abnormalities. The eye- 
grounds showed sharply outlined, pale disks, with prominent optic cupping. The 
Wassermann reaction of the blood was negative. Roentgenograms of the skull 
showed the sella turcica to be about four times as large as normal. There was 
thinning of the floor, which dipped into the sphenoid sinuses. The posterior clmoid 
processes were thin, and the anterior clinoid processes were distinct (fig. 10))* 

He was given high voltage irradiation elsewhere, consisting of insufficient 
weekly doses from December 1930 to June 1931, and again in November 1931 and 
in January 1932. The visual fields showed temporary improvement following the 
treatments and in April 1933 he was given a third course by Dr. Seeley Mudd at 



Fig. 10 (case 10).— Chromophobe adenoma (unverified). Above, the fields 
show the marked defect in the upper and lower temporal quadrants of each, and 
below is seen the condition of the fields three years later, following three courses 
of irradiation. The fields have fluctuated back and forth for three years, at times 
being considerably better than the fields shown below. Operation was refused. 
The insert shows the sella turcica with considerable thinning of the posterior 
clmoid processes and deepening of the floor of the sella turcica. The sphenoid 
sinuses arc encroached on posteriorly. 

the California Institute of Technology, at which time 600 kilovolts was used, 
hollowing this, there has been a little improvement in the fields (fig. 10). He 
has also had several mild petit mal attacks. 

. Co in ».> oh. This man should have an exploratory operation. Irradi- 
ntion improved his vision only temporarily. The tumor may be a 
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cystic chromophobe adenoma. In spite of the fact that his vision has 
not materially improved in the past three years, during which time three 
courses of high voltage irradiation have been given, he has not lost 
ground. It is possible that irradiation retarded the growth of the tumor. 


Case 11. — Pituitary tumor; probable chromophobe adenoma (unverified). 
Vision in right eye practically gone; temporal hemianopia in left eye. Slight 
improvement following high voltage therapy. 

M. E. F., a woman, aged 41, married, a housewife, was admitted to the Los 
Angeles County General Hospital on Aug. 24, 1929. There was a history of failing 
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Examination revealed a woman 5 feet, 5 inches tall, weighing 142 pounds 
(64.4 Kg.), showing no general evidence of disturbance of pituitary function. The 
eyegrounds showed a double primary optic atrophy and sharply outlined, pale disks. 
The disk on the right was considerably paler than that on the left. A general 
neurologic examination revealed no abnormalities. The Wassermann reaction of the 
blood was negative. Roentgenograms of the skull showed marked enlargement 
of the sella turcica, with ersion of the dorsum sellae. The posterior clinoid processes 
had practically disappeared, and the floor of the sella turcica was pushed down 
well into the sphenoid region (fig. 11). 

She was given high voltage treatments elsewhere on October 5, 7 and 16. We 
are inclined °to believe that they consisted of rather massive doses. We were 
unable to obtain reliable information regarding the exact amount of radiation or 
subsequent reaction. Following irradiation there have been fluctuations in the 
visual fields. A field taken on Jan. 29, 1932, showed moderate improvement 

(fig. ID- 

Comment . — This patient has been advised repeatedly to have an 
exploratory operation, but has refused. It is possible that the adenoma 
has become cystic, as she had little benefit from intensive doses of 
irradiation. 

Case 12. — Pituitary tumor; cystic chromophobe adenoma (verified). Bitemporal 
hemianopia; headaches. Temporary improvement following high voltage therapy. 
Later, partial removal of a cystic chromophobe adenoma. 

G. A. E. R., a woman, aged 44, married, a housewife, was admitted to the 
Los Angeles County General Hospital on April 30, 1931. She had been having 
severe frontal and occipital headaches for the previous two years, the principal 
pain being behind the eyes. Her weight had increased from 160 to 190 pounds 
(72.6 to 86.2 Kg.). The menopause had occurred eighteen months previously. 
There had been failing vision for seven months prior to examination, first noticed 
as a blurring of letters while reading. The left eye was affected more than the 
right. The failure of vision took the form of a bitemporal hemianopia, as shown 
by visual fields taken on May 1, 1931 (fig. 12). 

Examination revealed a woman 5 feet, 6 inches (167.6 cm.) tall, weighing 190 
pounds. There was tapering of the fingers and some coarsening .of the skin, and 
hairy distribution over the body was becoming sparse. She showed typical 
primary optic atrophy of each eye, more marked on the right than on the left. 
The right pupil was larger than the left, but otherwise the neurologic examination 
gave negative results. The Wassermann reaction of the blood was negative. 
Roentgenograms of the skull showed a marked irregular enlargement of the sella 
turcica; the anterior clinoid processes were shortened; the posterior clinoid proc- 
esses were almost completely eroded, and the floor of the sella turcica was irregular 
and flattened (fig. 12). 

She was given a course of high voltage therapy elsewhere, consisting of four 
small weekly doses in June and July 1931 and a single dose in January- 1932. 
Following this there was considerable improvement in the fields. The last record, 
taken on December 14, showed greater improvement in the left field than in the 
right; however, there was still a fairly atypical bitemporal hemianopia (fig. 12) 
Subsequently the fields became more contracted, and on May 13, 1932, a cystic 
ciromophobc adenoma was partially removed at operation. The fields became 
normal, but after a year began to contract in the form of a bitemporal hemianopia. 
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The patient had also gained 35 pounds (15.9 Kg.), weighing, in June 1933, 22 5 
pounds (102 Kg.). 


Comment . — The recent gain of weight probably indicates an increase 
of the symptoms of hypopituitary disturbance caused by removal of 
tissue of the anterior lobe a year previously. Reexploration is being con- 
sidered because of the return of (her) visual deterioration. Whether 
further removal of the adenoma will again increase the symptoms of 
glandular deficiency, already so marked, is an open question. 
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plaint was pain in the back of the head, neck and shoulders, which had been present 
for the past five or six years. She had not noticed difficulty in vision, but the 
fields, taken on September 16, showed general contraction on both sides, the 
contraction being relatively greater in the temporal field than in the nasal (fig. 13). 

Examination revealed a woman 5 feet 2 inches (la7.4 cm.) tall, weighing 
147 pounds (66.7 Kg.), who showed typical acromegalic changes in her features 
and extremities. Her hair was very heavy, dry and coarse. The amount of 
hairv distribution over the body was increased and was of the masculine t\pe. 
Her hands and feet were large; the size of shoes had increased from 6% to 7 Vs 
in the past few years. The eyegrounds showed nothing remarkable. The margins 



Fig. 13 (case 13). — Chromophil adenoma (unverified). Above are the fields 
before irradiation, and below, following two courses of high voltage therapy and 
subsequent subtemporal decompression. The insert shows the sella turcica moder- 
ately enlarged, deep and narrow, with thinning of the posterior clinoid processes 
and clubbing of the anterior clinoid processes. The sphenoid sinuses are definitelv 
encroached on. 

o{ tlie tcnl P° r al disk were clear. The nasal margins were somewhat indistinct, 
and there was some overfilling of the veins. There was no pallor of the disks. 
Otherwise, the neurologic examination revealed no abnormalities. The Wasser- 
mann reaction of the blood was negative. Roentgenograms of the skull showed 
tjpicai changes of acromegaly, with an unusually thick, dense calvarium. The 
mandible was heavy. There were enostoses of the frontal bone. The sella turcica 
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™ gC ' ! bC - ma i j0r . j en,argemet, t beil ^ downward toward the sphenoid 
- nuses. The posterior chnoid processes were very thin, but not displaced. The 
floor of the sella turcica appeared to be intact (fig. 13). Roentgenograms of both 
lianas failed to show tufting of the terminal phalanges. 

She was given a course of high voltage therapy consisting of doses of ISO r 
fnc tunes a week during September 1930, with marked improvement in the visual 
fields. Following this, there was an increase of her headaches. This continued 
during the following year. From July 2 to July 20, 1932, she was given a similar 
course of 150 r daily for eighteen days, not because of constriction of the visual 
fields, but because of headache. Fields taken after this (fig. 13) remained essen- 
tially normal. The headaches continued, and on August 22, a simple right 
subtemporal decompression was carried out. The tissues were unusually vascular, 
although the intracranial pressure was not increased. It was felt that the vascu- 
larity of the tissues might be secondary to the last course of irradiation, which 
was completed less than five weeks before the operation. The sellar region was 
not examined, as there were no neighborhood signs of pressure. She returned to 
her teaching duties, and reported that the headaches were in no way improved. 
Although she presented no neighborhood symptoms, the continuance of headache 
may in the future lead us to explore the chiasm. Should a distended diaphragma 
sellae be found, relief from distention might be followed by an improvement in 
the headaches. On the other hand, many patients with acromegaly have been 
reported who have gone through life with continued headache, although they did 
not otherwise show signs of generally increased intracranial tension or undue 
pressure on the chiasm. 


Comment . — This patient underwent both courses of treatment 
exceedingly well ; the doses, though small, were given more rapidly and 
more steadily than in most cases of the series. The acromegalic features 
of the case have not increased during the past two years. 

Case 14. — Pituitary tumor; chromophobe adenoma (verified). Bitemporal 
liemianopia, with improvement following high voltage therapy. Death due to 
cerebral hemorrhage. 

P. E. E., a man, aged 68, married, an agricultural inspector, was referred by 
Dr. C. B. Walker, Los Angeles, on Sept. 27, 1930. His only complaint was 
failing vision, which had first been observed eighteen months previously. This 
was called to his attention while doing fine printing. By July 1930 he was unable 
to pass an examination for his automobile license owing to difficulty in reading. 
Visual fields taken on September 27 by Dr. C. B. Walker (fig. 14) showed a 
fairly typical bitemporal hemianopia, more advanced on the right than on the 
left. He did not complain of headache at any time. 

Examination revealed an elderly man 5 feet, 7 inches tall, weighing 144 pounds 
(65.3 Kg.). He showed slight evidence of hypopituitary disturbance. His beard 
was very light, and the hairy distribution over the body was scant. There were 
no lunulae of the fingernails. The eyegrounds showed both disks to be sharpy 
outlined and a little paler than normal. The lamina cribrosa was distinct. The 
right disk was paler than the left. The neurologic examination gave negative 
results. The Wassermann reaction of the blood was negative. Roentgenograms 
of the skull showed enlargement of the sella turcica, with almost complete absorp- 
tion of the clinoid processes. Several shadows were seen which were sugges ive 

of a cj’st wall (fig. 14). 
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The patient was given a course of high voltage therapy consisting of doses of 
150 r three times a week for six weeks, ending November 14, with marked impro\t_- 
ment in his visual fields, as shown by Dr. Walker’s chart taken on Feb. 17, 1931 
(fig. 14). He returned to work, and apparently was in good health, until one 
year later, when he died of a cerebral hemorrhage on Dec. 24, 1931. 

A report of the autopsy, performed by Dr. G. D. Maner, contained the fol- 
lowing: On reflecting back the cerebrum after incising the dura, there was found 
an irregular lobulated mass located beneath the dura and occupying the sella 
turcica. The optic chiasm lay just anterior to it, and was greatly elongated and 
distorted, especially the left fork; the posterior portion lying over the tumor was 



Fig. 14 (case 14). — Chromophobe adenoma (verified). Above, the fields show 
marked constriction in the form of a bitemporal hemianopia before irradiation, 
and below, definite improvement six months later. The insert of the sella turcica 
shows almost complete destruction of the posterior clinoid processes and marked 
blunting of the anterior clinoid processes. The shallow type of sella turcica shows 
little, if any, invasion of the sphenoid region. 

greatly widened. There was a concavity on the inferior surface of the cerebrum, 
between the peduncles and the chiasm, which conformed to the shape of the tumor. 
Both ophthalmic arteries, as well as the third, fourth and sixth cranial nerves 
on both sides were elongated, widened, distorted and displaced laterally. 

The tumor involved the whole of the hypophysis and weighed 18.5 Gm. Its 
measurements were : width, 5 cm. ; anterior posterior diameter, 4 cm., and greatest 
thickness, 3 cm. It was roughly bilobed, with the right lobe approximately twice 
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ic sue of the other. The overlying dura was intact. The surface was smooth 
Jut tlie greater part of the anterosuperior aspect was blood stained. The con- 
sistency was liver- like, but the hemorrhagic portions were softer. The sectioned 
surface was smooth; the greater part was a dull, gray-pink, but along the anterior 
portion and on the whole length of the right lobe was an area of diffuse hemor- 
rhagic extravasation. 

Ihe sella turcica was greatly widened in all dimensions; the normal contour 
was missing, the outline being perfectly flat. The dimensions were: length, 4 cm.; 
width, 3.75 cm. The floor was intact and the sphenoid cells were of normal out- 
line. The posterior and anterior clinoid processes were absorbed. 


On microscopic examination the sections showed an anterior lobe struma. The 
follicles were greatly increased in number; many were small, but others were of 
normal size. Practically all were compact and filled with chief, or chromophobe, 
cells, with only an occasional eosinophil cell. The cells were rounded or short 
cylindric. The follicles were surrounded by thin septums of connective tissue 
containing thin-walled capillaries. These appeared to be normal, as compared 
with a normal g land. No histologic evidences of a malignant process were found. 

The diagnosis was : chromophobe adenoma of the pituitary gland ; cerebral 
arteriosclerosis, and recent hemorrhage in the left temporal lobe of the brain. 

“No changes in the histologic picture were seen to suggest that irradiation 
had any effect on the tumor in the way of interstitial or cellular changes.” 


Comment . — In this instance improvement to serviceable vision was 
obtained in a chromophobe adenoma. The accidental death from 
apoplexy more than a year later gave an excellent opportunity to study 
the pituitary gland. No histologic changes were found at this late 
date which could be ascribed to irradiation. 


Case 15 . — Pituitary tumor; probable chromophobe adenoma (unverified). 
Bitemporal liemianopia. Improvement in fields following high voltage therapy. 

J. F. K„ a man, aged 47, married, a barber, was referred by Dr. J. Ross Reed, 
Pasadena, Calif., on Dec. 26, 1930, with a diagnosis of tumor of the pituitary 
gland. For ten years previously there had been some difficulty in seeing with 
the left eye, and about five months previously he noticed failing vision in the right 
eye. He now had difficulty in seeing well enough to cut hair or shave patrons. 
A visual field taken on December 26 (fig. 15) showed a typical bitemporal hemi- 
anopia, with marked constriction of the nasal fields and lowered visual acuity. He 
had not complained of headache at any time. 

Examination revealed a man 6 feet tall, weighing 200 pounds (90.7 Kg.). He 
showed definite characteristics of hypopituitary disturbance, such as dryness of 


the skin and scantiness of hair over .the face and body. Although a large man, 
he did not appear to be acromegalic. The eyegrounds showed the margins of the 
disks to be indistinct, with overfilling of the veins, but no measurable elevation 
The disks seemed somewhat paler than normal. It was not a clearcut picture o 
primary optic atrophy. The right pupil was larger than the left, but the neuro- 
logic examination was otherwise irrelevant. The Wassermann reaction o e 
blood was negative. Roentgenograms of the skull, taken on December 26, rc '' ca ^ 
a definite enlargement of the sella turcica, with practically a loss of the : poster, 
clinoid processes. The floor of the sella turcica was depressed toward he sphenoid 
bone. It was difficult to get a clear view of the pituitary gland, became 
mastoid cells (fig- 15)- 
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The patient was given a course of high voltage therapy consisting of doses of 
150 r three times a week for two and a half weeks, ending Jan. 14, 1931, and a 
similar course from March 20 to April 7, with considerable improvement in the 
fields. The man had a head of a large diameter, and the amount of dosage deliv- 
ered at the tumor was smaller than the average. The last field, taken on Oct. 25, 
1932, approximated two years later, still showed a hemianopia on the right, but 
enlargement of the fields in both the upper and the lower temporal quadrants on the 
left. The visual acuity was unchanged. 



Fig. 15 (case 15). — Chromophobe adenoma (unverified). Above is seen the 
marked contraction of both fields in the form of a bitemporal hemianopia before 
irradiation, and below, the improvement two years later, following two courses of 
high voltage therapy. The insert shows the sella turcica which was moderately 
enlarged, with almost complete destruction of the posterior clinoid processes and 
moderate invasion of the sphenoid sinuses. 


Comment. — This patient later moved to Oakland, Calif., and is under 
the care of Dr. Howard C. Naffziger, San Francisco, who reported 
on May 22. 1932. that "his fields are purely those of a bitemporal 
hemianopia at present." Dr. Naffziger determined to keep the patient 
under monthly observation, and if his acuity or field decreased to 
n d\ise an operation. The patient undoubtedly had an insufficient amount 
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of irradiation while under our observation; if the dosage had been more 
intensive and additional courses given, further improvement might have 
been obtained. 

Case 16. Pituitary tumor; probable chromophobe adenoma (unverified). 
Marked headaches and bitemporal hemianopia; improvement oj both following 
high voltage irradiation. 

E. H. G., a man, aged 42, married, an automobile mechanic, was referred by 
Dr. H. L. Hatfield, Pasadena, Calif., on May 20, 1931. He had been complaining 
of failing vision for four or five years previously, and a bitemporal hemianopia 



Fig. 16 (case 16).— Chromophobe adenoma (unverified). Above is seen a 
bitemporal hemianopia with marked contraction of the temporal fields on the left 
prior to irradiation, and below, the improvement six months later, especia y on 
the right, following two courses of high voltage therapy. The insert is a tracing 
of the sella turcica showing moderate enlargement, with thinning of the antcrior 
and posterior clinoid processes. The sphenoid sinuses are moderately narrowed 

posteriorly. 


had developed two years previously. Vision in the left eye was more impaire 
than that in the right, as shown by the visual field taken on May JS fig- 10). 

Examination revealed a medium-sized man. For ten days pr cwo 
examination he had had severe headaches, accompanied by nausea an 
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The headaches were improved and nausea and vomiting ceased following the 
administration of hypertonic solution of dextrose intravenously. The left disk was 
sharply outlined and very pale; the right disk was hazy, the veins w'ere congested, 
a fresh hemorrhage was present in the upper temporal quadrant, and the disk 
itself was somewhat paler than normal. The right knee jerk was quicker than 
the left, and there was a positive and well sustained ankle clonus on the right 
side. Otherwise the neurologic examination gave negative results. The Wasser- 
mann reaction of the blood was negative. Roentgenologic examination of the skull 
showed a much thinned, considerably enlarged sella turcica, about twice the normal 
size. The posterior clinoid processes were present, but greatly thinned; the floor 
of the sella turcica encroached on the sphenoid sinuses (fig. 16). 

The patient was given two courses of high voltage therapy consisting of 
average daily doses of 145 r for two weeks, and six weeks later a similar course, 
by Dr. Carl H. Parker, Pasadena, with marked improvement in the fields, as 
shown by the record made on October 27 (fig. 16). 

Comment. — This man was bedridden when first seen, having severe 
headaches and projectile vomiting. An exploration of the pituitary 
region was advised, but was refused. Although we feared there would 
be a serious reaction, he was given high voltage therapy. Previous to 
irradiation he -was dehydrated, and hypertonic solution of dextrose was 
given intravenously. No reaction followed the irradiation. Whether 
the dehydration was a factor in this is speculative. Radiation was given 
more rapidly and intensively than in any other case in the series, with 
marked improvement of the fields more than five months later (fig. 16 ). 
Three years later he was at work, with serviceable vision and complete 
relief from the headaches. 

Case 17. — Pituitary tumor; probable chromophobe adenoma (unverified). 
Marked enlargement of sella ■ turcica; bitemporal hemianopia ; hypopituitarism. 
Considerable improvement in visual fields following two courses of high voltage 
therapy. 

L. T., a man, aged 39, in the furniture business, was referred by Dr. J. M. 
Schmoele, Los Angeles, on Oct. 1, 1931. There was a history of failing vision for 
about a year previously, both eyes being affected, but the left more than the right. 
The visual fields, on first examination, showed a typical bitemporal hemianopia. 
The left field showed more loss than the right. Visual acuity was: left, 20/200; 
right, 20/40 (fig. 17). He also gave a history of previous headaches which at 
times were severe and accompanied by nausea and vomiting. He had a typical 
syndrome of hvpopituitary disturbance, with loss of libido and a tendency to be 
drowsy and to tire easily. He also showed fairly characteristic changes in the 
skin. 

Examination revealed a man with typical signs of hvpopituitary disturbance; 
he was of medium size and build, with a soft, dry skin and a scarcity of hair as 
regards the beard and other parts of the body. There was bilateral primary optic 
atrophy with sharp-cut disks, which were only moderately pale. The retinal 
arteries and veins were of good caliber. The general neurologic examination 
revealed no abnormalities. The Wassermann reaction was negative. Roentgeno- 
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grams of the skull showed a somewhat enlarged sella turner r ■ , 
anterior clinoid processes- • <■ ■ , a turaca with fairly normal 

« the shadow of o’nly on/bei MS? £££ ^ 
sella turcica was not particularly depressed (fig. 17). 

Comment -- The patient was given two courses of high voltage 

i nff 1 Oct 23 1o1i° 1 ?° ^ ^ SeC ° nd d3y COverin " t,vo weda. end- 
, 1931 ’ and the second a Slmilar course ending March 20, 
UM. 1 he doses were small, the courses short and the total amount 



Fig, 17 (case 17). — Chromophobe adenoma (unverified). Above, the fields 
show the typical bitemporal hemianopia before high voltage treatment, and below, 
improvement in the fields approximately one year later, following two courses 
of high voltage therapy. The insert shows the sellar region, with the sella turcica 
but little enlarged and fragmentation of the posterior clinoid processes. The 
sphenoid sinuses are a peculiar multiloculated type. 


unsatisfactory. Following the high voltage therapy he had a fluctuating 
course. On the whole, there was improvement in the fields (fig. Ip- 
At times however, they regressed considerably. He adopted Christian 
science, and did not report after Dec. 12. 1932. An exploratory oper- 
ation should probably be carried out. 




RAND-TAYLOR— TUMORS OF PITUITARY GLAND 


135 


C ASE 18 . Pituitary tumor; probable cliromophil adenoma (unverified). 

Acromegaly. Vision of right eye confined to upper nasal quadrant. Practically 
blind in left eye. Unsuccessful attempt to remove tumor; decompression. Marked 
improvement of vision following high voltage therapy. 

E. L. B., a man, aged 44, married, district manager for an electric company, 
was referred by Dr. F. X. Ammann Jr., Los Angeles, on Oct. 3, 1931. Four years 
previously he began to have failing vision and violent headaches. A YV assermann 
reaction of the blood at that time was 4 plus. He improved under antisyphilitic 
treatment, as to both headaches and vision. One year ago his vision began to 
fail, and the failure progressed rapidly. On October 6 the visual fields (fig. 18) 
showed an area of vision in the upper nasal quadrant of the right eye, the left 
being practically blind. He was having violent headaches at this time. 

Examination revealed a man 6 feet tall, weighing 200 pounds, who was definitely 
acromegalic. The evegrounds showed both disks to be very' pale and sharply 
outlined. Atrophy on the left side was greater than on the right. The veins 
were large, but the arteries were exceedingly small. The left pupil did not react 
to light The right reacted sluggishly. Otherwise, the neurologic examination 
revealed no abnormalities. Roentgenograms of the skull showed an enlargement 
of the sella turcica, with almost complete destruction of the posterior clinoid 
processes. There was encroachment of the floor of the sella turcica into the 
sphenoid region (fig. 18). 

On October 18, an attempt was made to explore the pituitary gland by a right 
frontal approach. The brain was under tremendous tension ; the right ventricle was 
apparently collapsed, and it was impossible to secure sufficient room to uncover 
the chiasm satisfactorily. A decompression of liberal size was performed, and 
high voltage therapy was instituted two weeks later. The patient has had two 
courses of irradiation, with marked improvement in the fields and in acuity. This 
is the only case in which vision returned in a practically blind eye. Fields taken 
on May 23, 1933 (fig. 18), show that acuity in the left eye is 20/40, and the left 
field is essentially normal ; acuity in the right eye is 20/30 and the field has filled 
out except for a defect in the lower temporal quadrant. 

Comment . — The patient had an exploratory operation with decom- 
pression before treatment was started, and as a result, a larger dosage, 
given more rapidly, was possible. He was treated nearly continuously 
each day for four weeks, with 200 r at each dose. No treatment was 
given then for five weeks, at which time he was given a second similar 
course for three weeks. He had no unpleasant reaction. 

During October 1933, he began again to show slight constriction of 
the temporal fields. Consequently, it was considered advisable to give 
another course of high voltage irradiation. Twelve treatments of 300 r 
each were given every other day between October 26 and November 20, 
without disagreeable reaction except for a slight headache following the 
first two treatments. The decompression area is growing smaller, and 
apparently new bone proliferation is taking place along the edges of the 
defect. This may in some way be associated with the acromegaly, and 
the argument could be used that the acromegaly is advancing. 
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Fjg. 18 (case 18). — Chromophil adenoma (unverified). The upper charts show 
vision remaining in the upper nasal quadrant in the right eye, with practically no 
vision in the left eye, before decompression followed by high voltage therapy. 
The middle chart shows improvement three months later in the right field and 
beginning return of vision in the left upper temporal and nasal quadrants. The 
lower chart shows further improvement in the fields which still obtained two 
years later. The insert shows enlargement of the sella turcica, with almost com- 
plete destruction of the posterior clinoid processes and invasion of the floor of the 
sella turcica into the region of the sphenoid sinuses. 
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Case 19. Pituitary tumor; probable chromophobe adenoma (unverified). 

Atypical hemianopic defect of visual fields. Headaches. Considerable improve- 
ment in right eye; continued loss of vision in the left eye following tivo courses 
of high voltage therapy. 

N. L. A., a man, aged 49, a farmer, was referred by Dr. Charles A. Lindquist, 
West Los Angeles, on Feb. 3, 1932. His principal complaint was failing vision 
for the previous five years. This was increasing. Repeated change of glasses had 
failed to improve his vision. Three years previously he began to have bitemporal 
headaches, which had continued. At times they were severe, giving him a sense 



Fig. 19 (case 19). — Chromophobe adenoma (unverified). Above are the visual 
fields before irradiation; below, the fields one year after irradiation. Vision on the 
right has definitely improved, and on the left has failed. The insert shows an 
enormous sella turcica, with complete obliteration of the posterior clinoid processes ; 
the floor of the sella invades the sphenoid sinuses. 

as though the left eyeball were being pushed down. During the severe headaches, 
the vision was much worse. 

Examination revealed a man, 6 feet tall, weighing 225 pounds. His father, 
mother, two brothers and one sister were large. He showed no acromegalic ten- 
dency. The cvegrounds showed a double primary optic atrophy, with sharply 
outlined disks which were definitely pale. The atrophy of the left disk was more 
marked than that of the right. The veins were of average size, the arteries small. 
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The visual fields showed an upper nasal and temporal defect of the right eye and 
a large lower temporal defect of the left eye. The visual acuity on the right was 

2owV tf °'\ \ P ? 0f that hC C ° Uld S£e ° n]y movemen ts of the hand at 

20 feet (6 meters) and the largest disk, 40 mm., at 1 meter (fig. 19). The Was- 

sermann reaction of the blood was negative. Roentgenograms of the skull showed 
an enormous enlargement of the sella turcica. It was 3.5 cm. from the anterior 
. chnoid processes to the posterior wall of the cavity. The posterior clinoid processes 
'■> / ac disappeared. Tile floor of the se!; a turcica was absorbed or pushed down so 
far that the sphenoid sinus was obliterated (fig. 19). 

He was given a course of irradiation consisting of daily doses of 150 r for 
twenty-five days, with marked improvement in the right eye, but without improve- 
ment in the left. In fact, the vision in the left eye gradually failed. The fields 
(fig. 19) show the changes which occurred over a period of fifteen months. 


Comment . — This patient should have further irradiation and, if 
necessary, an exploration of the pituitary gland. It is not impossible 
that the tumor is becoming cystic. 


Case 20 . — Pituitary tumor; probable chromophobe adenoma (grossly described 
as “a ghomatous tumor” by the coroner). Enlargement of sella turcica. Temporal 
hanianopia on left and loss of useful vision on right. No improvement following 
one course of high voltage therapy. Sudden death. 


O. R., a man, aged 32, a laborer, was referred on March 22, 1932, by Dr. John 
N, Osburn, Los Angeles. Six years previously he first noticed difficulty in seeing. 
This began in the right eye. It was called to his attention when sighting his 
gun while hunting. Gradually the visual difficulties increased. At the time of 
our first examination, vision in the right eye was reduced almost to shadows. 
On the left there was a typical temporal hemianopia (fig. 20). There was no 
history of severe headaches, although at times there had been moderate pain in 
the back of the head and neck. This was particularly true four years previously. 

Examination revealed a man about 5 feet, 7 inches tall, weighing 204 pounds 
(92.5 Kg.). He showed no general characteristics of pituitary dysfunction. The 
eyegrounds revealed both disks to be sharply outlined and very pale. In fact, the 
right disk was chalky white. The veins were of average size, but the retinal 
arteries were much reduced. The neurologic examination revealed nothing of 
importance. Roentgenograms of the skull showed no particular enlargement of 
the sella turcica; the floor, however, was depressed, dipping almost into the 
sphenoid cavity, and the posterior clinoid processes were practically obliterated 


(fig. 20). . 

On March 15, at the California Institute of Technology', he had been given 
one exposure of 600 kilovolt radiation, of 300 r units, delivered in the right 
temporal region. He failed to return for further treatment. When first seen by 
one of us (C. W. R.), he was urged to have an exploration of the pituitary gland 
because of rapid loss of vision. This he refused to permit. He was then given 
a course of high voltage irradiation, which consisted of ten 200 r treatments, from 
April 21 to May 11. There was no appreciable improvement in the fields (fig. 20). 

He returned to work as a laborer, most of the work being done in a tunne 
where a dam was being constructed. According to his physician, one ay ic 
became suddenly ill. This was followed by two or three days of acute hea nci 
and vomiting; then he suddenly died, on March 30, 1933. The brain was examined 
by the coroner who reported: “a gliomatous tumor the size of an egg a • ^ 
of the brain, partly occupying the sella turcica. This was j 
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large pituitary adenoma, probably of the chromophobe variety. Unfortunately, 
the tissue was not saved for microscopic examination. 

Comment . — The single treatment of 300 r probably had no appreci- 
able influence on the pituitary gland. The course of treatments given 
by us was comparable in dosage with that given in the other cases of 
the series. Following it there was no improvement in his vision. Only 
nineteen days elapsed from the time of the last treatment untfjjiis death. 
This was hardly sufficient time to state whether improvement might 



Fig. 20 (case 20). — Chromophobe adenoma (grossly verified). Above are the 
visual fields before irradiation, showing vision on the right almost gone except for 
large objects in the nasal field, and below, the absence of improvement of vision 
two months after one course of irradiation. Operation was refused. The insert 
shows almost complete destruction of the posterior clinoid processes and invasion 
of the posterior half of the sphenoid sinuses. 

have occurred later. The coroner’s report did not tell whether the 
tumor, as found at autopsy, was cystic or not. 

Case 21.— Pituitary tumor; cystic chromophobe adenoma (verified). Bitcm- 
ford hemianopia; headaches: amenorrhea. Continued jailurc of vision fallowing 
mc.h voltage therapy. Partial removal of cystic chromophobe adenoma, with 
return of fields to normal. 
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Fig. 21 (case 21). — Cystic chromophobe adenoma (verified). The upper chart 
shows the condition of the fields when first seen, before high voltage therapy or 
surgical intervention had been instituted. The center chart shows the advanced 
constriction following adequate high voltage therapy, and the lower chart reveals 
the return of the fields and acuity to normal in both eyes following evacuation 
of a cyst and partial removal of a tumor. The insert shows a moderately enlarged 
sella turcica, with little, if any, erosion of the anterior or posterior clinoid processes. 
There is some invasion of the sphenoid sinuses. 


I 
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occasional dizziness. The visual fields, on April 19, showed considerable contrac- 
tion on the right, with enlargement of the blind spot and greatly lowered acuity, 
together with marked temporal constriction on the left, especially in the upper 

quadrant (fig. 21). _ _ 

Examination revealed a woman about 5 feet, 8 inches (172.7 cm.) tall, weighing 
172 pounds (78 Kg.), who showed rather definite tendencies toward obesity. She 
had mild symptoms of hypopituitary disturbance. The eyegrounds showed definite 
pallor of both disks, but the general neurologic examination revealed no abnor- 
mality. The Wassermann reaction of the blood was negative. Roentgenograms 
of the skull showed only moderate enlargement of the sella turcica. The posterior 
clinoid processes, however, were thinned and eroded, and there was some encroach- 
ment of the floor of the sella turcica on the sphenoid sinuses (fig. 21). 

She was given 120 r doses through each of three ports, daily for eight days. 
These were repeated on the third, eighth and twelfth subsequent days, the whole 
period being about three weeks. Marked erythema developed in one area. Never- 
theless, her vision continued to fail rapidly, so that she soon showed a typical 
bitemporal hemianopia. On the right, the acuity was so low that she could only 
see moving objects; on the left, 20/S0 (fig. 21). An exploratory operation was 
performed on June 3, at which time a large cystic chromophobe tumor of the 
pituitary' gland was found and emptied. The pathologic diagnosis was cystic 
chromophobe adenoma. Following partial hypophysectomv the fields began to 
improve rapidly, and by August 14 had returned to normal. 

Comment . — This patient was given doses of high voltage irradiation 
in rapid succession. However, the visual symptoms became more alarm- 
ing, and an exploratory operation seemed imperative within three weeks 
of the beginning of treatment. A typical cystic chromophobe adenoma 
was encountered, following the evacuation of which she made satis- 
factory progress. She is still amenorrheic. This case bears out the 
contention that cystic adenomas do not react favorably to high voltage 
therapy, but respond well surgically. In this case the surgeon feared 
difficulty from hemorrhage as a result of the recent treatment, but was 
gratified to find that nothing of the sort occurred. 

Case 22. — Pituitary tumor; probable chromophil adenoma (unverified). 
Marked contraction, of both fields with bitemporal hcmianopic defect predominating. 
Improvement following high voltage irradiation. 

L. B., a woman, aged 27, married, a housewife, was referred by Dr. Fred S. 
Modem, Los Angeles, on June 29, 1933. For about a y r ear she had been subject 
to headaches which were principally bitemporal or frontal. Blurring vision began 
approximately a year previously, but had increased rapidly during the previous 
two months. The fields, taken on June 29, showed marked contraction on both 
sides, with a greater defect in the temporal than in the nasal area (fig. 22). The 
physical examination revealed nothing suggestive of disease of the pituitary gland 
except a mild acromegalic look. The nose and lips were full; the general build 
was rather .masculine, and the texture of the skin coarse. The patient had no 
menstrual disorders. The neurologic examination gave negative results. The eye- 
grounds showed a well established primary' optic atrophy, present on each side. 
Kocntgcnograms of the skull showed a definitely enlarged sella turcica, with 
thinning of the posterior clinoid processes and moderate encroachment of the floor 
01 tllc se ' 5 a turcica on the sphenoid sinuses (fig. 22). 
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A course of high voltage therapy was given which consisted of a series of 

Tu v 6 d! u r adn,inistCred almost beginning on June 30 and endin. 
Ju j 16 During the treatment the patient’s headaches, if anything, were increased 0 
but. not enough to reduce the treatments. She began to notice imp"4ment 0 1 
her wsion within three weeks after high voltage irradiation was started. Figure 
“ 2 shows the degree of improvement of the fields on October 30. 

Comment— This would appear to be a case of early acromegaly with 
moderate enlargement of the sella turcica and beginning visual dis- 



Fig. 22 (case 22). — Chromophil adenoma. Above are the fields taken before 
irradiation, showing the somewhat bizarre and advanced contraction tending toward 
a bitemporal hemianopia ; below, the fields have returned to normal practically 
following irradiation. The insert shows a moderate enlargement of the sella 
turcica, with tufting of the anterior and posterior clinoid processes. There is some 
invasion on the territory of the sphenoid sinuses posteriorly. 


turbances. It is probably a chromophil adenoma, which reacted favor- 
ably to high voltage irradiation. 

Case 22.— Pituitary tumor; probable chromophil adenoma (unverified). 
Atypical visual fields with nasal hemianopia on the right; marked headaches. 
Improvement following high voltage therapy. 

B L a woman, aged 40, a housewife, was referred by Dr. Leo J. Adc stem, 
Los Angeles, on Aug. 4, 1933. Approximately three years previously, genera 
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acromegalic changes began to appear. There was enlargement of the hands and 
feet, together with changes in the features characteristic of the disease. . They 
had’ continued to develop until examination. Approximately six months previously, 
it was discovered that she had diabetes mellitus. During the three weeks before 
examination she had several severe headaches. They were frontal and bitemporal 
and of short duration. Following her first severe headache she began to see 
double, and this persisted. She complained of weakness and tired easily. A year 
before, at the age of 39, amenorrhea occurred. There had been blurring of vision 
for the entire three weeks. 



Fig. 23 (case 23). — Chromophil adenoma. Above, the fields show nasal hemi- 
anopia on the right and general contraction on the left before irradiation. The 
dotted line shows temporary constriction of the field occurring during a headache 
of short duration. Below, the fields show a return to normal following irradiation. 
The insert reveals the marked enlargement of the sella turcica, with nubbing of 
the anterior clinoid processes and partial erosion of the posterior clinoid processes. 
The sellar floor has obliterated the posterior portion of the sphenoid sinuses. 


Examination revealed a woman 5 feet, 2 inches tall, weighing 127 pounds. She 
showed all the characteristics of marked acromegaly, in both her extremities and 
features. The lower jaw was prognathous, and her build suggested the masculine 
type. There was a complete palsy of the right abducens muscle. The eyegrounds 
showed overfilling of the veins, but the disks were not pale. The neurologic 
examination was unimportant. The Wassermann reaction of the blood was nega- 
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j mous hcmianopic appearance to the picture (fig. 23). 


Comment. The patient was given a course of high voltage therapy 
by Dr. J. Abowitz at the Cedars of Lebanon Hospital. Between 
August 8 and September 22 she received eleven doses of 300 r through 
the two temporal areas. The fields, on November 18 had practically 
returned to normal, the headache had decreased, and the palsy of the 
right abducens muscle had disappeared. 


GENERAL COMMENT 

Twenty-three cases of tumor of the pituitary gland have been pre- 
sented, in each of which one or more courses of irradiation were given. 
Eight patients underwent operation, either before or following high 
voltage therapy. Two patients with adenocarcinoma (cases 4 and 5) 
showed no improvement, from the standpoint of expansion of the fields 
or of acuity, following irradiation. Their vision continued to fail, and 
both submitted to operation. One (case 4) died following the operation, 
apparently from cerebral edema. The second (case 5) had an explora- 
tory operation by Dr. Learmonth at the Mayo Clinic. A malignant 
condition was suspected, and a small portion of the tumor was removed. 
It proved to be adenocarcinoma type II, according to the Mayo classifi- 
cation. Later, the patient was given high voltage and radium therapy 
without improvement in vision. In short, there was a general failure of 
vision covering a period of approximately two years. 20 

One patient with presumed cystic adenoma (case 9) showed no 
improvement following high voltage therapy. His vision continued to 


20. Some have doubted if, in fact, a true adenocarcinoma of the pituitary gland 
exists. It is true that different tumors vary considerably in rate of growth, and 
that certain of them show marked rapidity of growth, as can be seen histologically. 
The rapidity of growth is judged largely by the frequency of mitotic cell division. 
If pituitary adenomas ever become truly malignant, they apparently differ from 
malignant changes in other ductless glands in that they do not metastasize outside 
the intracranial chamber. Confusion regarding this point has occasionally arisen 
in the ■epithelial type of carcinomas arising from the nasopharynx and metastasizing 
not only to the submaxillary glands, but elsewhere in the body. Such instances 
have been reported as malignant changes in craniopharyngeal pouch tissue, 
are inclined to agree with Cushing that while the pituitary adenomas shovrAHen 
characteristics in rate of growth and certain cell changes it is doubtfu i f 
should ever be classed as truly malignant. We have followed P ‘ 
classification in cases 4 and 5, listing the tumors as adenocarcinoma, altho R 

doubt their actual malignancy. 
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fail in spite of a fairly long course of small doses. Operation was 
refused. The exact pathologic process has not been determined. A 
similar situation was present in case 21, in which exploration revealed 
a cystic chromophobe adenoma, as had been anticipated following failure 
to respond to irradiation. The fields promptly returned to normal 
following the operation. 

Five patients with presumed chromophil tumor (1, 13, 18, 22 and 
23), all of whom had acromegalic symptoms, showed marked improve- 
ment in the visual fields following irradiation. The patient in case 1 
retained improved vision for more than nine years. One acromegalic 
woman (case 13) showed only slight constriction of the visual fields 
before irradiation, the fields returning to normal in about three months 
and remaining so for more than two years. Her headaches were not 
relieved, despite a liberal subtemporal decompression and irradiation. 
An attempt to explore the growth in case 18 was unsuccessful, owing 
to great intracranial pressure. A liberal decompression was therefore 
provided. The patient had the most intensive irradiation of any in the 
series, with remarkable improvement in vision. In fact, two years later 
liis vision was practically normal. The improvement of vision could 
have been attributed only to high voltage therapy and not to operation on 
the growth. The decompression, however, made possible the employ- 
ment of more intensive radiation than could otherwise have been used. 
He showed no untoward reaction following the treatments, and, in addi- 
tion to recovery of practically normal vision was entirely relieved of 
headaches. A young woman (case 22) with early but definite acro- 
megalic tendencies, responded very well to high voltage therapy. Her 
fields showed more rapid improvement than any other in the series. 
There was moderate constitutional reaction in connection with the 
treatments. In case 23, a woman with advanced acromegaly showed 
marked improvement of the fields following high voltage therapy. In 
addition, her headaches practically disappeared, and a palsy of the left 
abducens muscle disappeared. She had been under observation for four 
months. As nearly as can be judged, there was no advance in the 
acromegalic status of any of these patients. We feel that the acro- 
megalic patient with a chromophil tumor reacts most favorably to deep 
irradiation. 

Twelve patients with presumed chromophobe adenoma (cases 2, 3 
6. 7, S, 10, 11, 14, 15, 16, 17 and 20) were given high voltage therapy. 
Their reaction was anything but uniform. In some instances slight 
improvement of vision was noted for a short time; in others an unlooked 
for improvement occurred and was maintained. Again, not only was 
there no improvement, but the vision continued to fail ; the tumor in 
the latter cases was. with few exceptions, found to be cystic at subse- 
quent operation. 
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One patient (case 6), whose tumor was classed as chromophobe 
adenoma, showed definite signs suggesting Frohlich’s syndrome He 
was a lad of 16, in whom none of the secondary sexual characteristics 
had developed and who was 4 feet, 11 inches tall and weighed 95 pounds. 
v\ ithin two years following irradiation he gained 6 inches (15 cm.) in 
height and 16 pounds (7 Kg.) in weight, being 5 feet, 5 inches tall and 
weighing 111 pounds. In addition to this, his headaches disappeared 
entirely and the visual fields and acuity showed marked improvement. 
He has done well in school. A woman of 32 (case 7), with amenorrhea, 
showed marked improvement in acuity and definite enlargement of the 
visual fields, which was maintained for more than three years, but there 
was no return of menstrual function. The visual fields, consisting of 
a temporal liemianopia on the right and an island of vision in the upper 
nasal field on the left, remained practically stationary during this period. 
While irradiation did not improve the fields as much as could be desired, 
it apparently held them at a higher level than would otherwise have 
been the case. An exploratoty operation on the gland may be neces- 
sar}c Another woman (case 8) with a proved chromophobe adenoma, 
as shown by operation following irradiation, did not improve as much 
as one would wish. She was operated on approximately six weeks after 
the last course of irradiation. A fibrous type of chromophobe adenoma 
was found and partially removed. . The wound healed by first intention, 
but after about ten days broke down in several places, which required 
several weeks to heal. The only patient (case 14) who came to autopsy 
following irradiation was a man of 68, with a chromophobe adenoma. He 
showed marked improvement in the fields and acuity following high vol- 
tage therapy. His death, some eighteen months later, was due to apoplexy. 
On histologic study, the pituitary gland showed a chromophobe adenoma, 
and the pathologist felt that it showed no increase in fibrosis or other 
cellular change as a result of the treatment. In short, no appreciable 
change as a result of irradiation was noted. 

It had been the impression of one of us (C. W. R.) that fibrous 
changes in the tumors followed irradiation, making a subsequent surgi- 
cal procedure less effective. However, one patient (case 21), with a 
proved chromophobe adenoma, came to operation within six days of 
very active high voltage therapy. This became necessary because of 
rapidly failing vision. A cystic chromophobe adenoma was encountered 
and partially removed. Because of the recent irradiation, it was 
expected that the tissues would react unfavorably at operation. This 
was not the case. There was no increase of bleeding, and the wound 
healed quickly by first intention. 


COMMENT ON ROENTGEN THERAPY 
The treatments were practically all given, except as otherwise noted, 
with constant factors of 186 kilovolts, a 0.75 mm. copper and a nit • 



RAND-TAYLOR— TUMORS OF PITUITARY GLAND 147 

aluminum filter, and a distance of 50 cm. from the skin to the target, 
through ports 2 inches (5 cm.) square. The factors used in the patients 
treated elsewhere were supposedly the same as ours. However, in some 
the actual amount and quality of radiation received are problematic. 

In carrying out the treatments, multiple ports were used. It seemed 
practical to use two lateral, one anterior or frontal and one occipital, 
and if desired, one through the vertex, limiting their size with a lead 
apron or suitable cone. By rotating the treatments properly through 
the various areas, an opportunity for cross-firing and the delivery of 
considerable total radiation at the site of the tumor is possible. This 
can be accomplished without much danger to the hair or skin. We have 
had a few cases of transient epilation. These followed the earlier 
treatments, when proper rotation of the ports of entry was not observed. 
Epilation was seldom seen in the temporal areas, but more often in the 
frontal and occipital. 

The distance from the skin to the pituitary gland through the differ- 
ent ports results, of course, in a varying dose being delivered to the 
tumor. The temporal areas, being nearest to the tumor, are the most 
efficient to use. Depending on the diameter of the individual patient's 
head, it is possible to deliver from 45 to 55 per cent of the dose at the 
skin to the tumor through each temporal port, from 35 to 45 per cent 
through the frontal and from 25 to 30 per cent through the occipital 
and vertex ports. The individual doses delivered to the tumor varied 
from 7 to 25 per cent of a skin erythema dose. The treatments were 
generally given on each alternate day, with 200 r on the skin as mea- 
sured in air. If after a few treatments there was increased blurring 
of vision or if headaches resulted or increased in severity, the treat- 
ments were reduced to 150 r each, or a treatment or two was omitted. 
Occasionally, a patient was found who tolerated treatment exceptionally 
well and 150 or even 200 r could be given daity. 

Two factors in connection with the treatment probably have a definite 
influence on the outcome : first, the sensitivity of the tumor to irradiation, 
and. second, the ability of the patient to take treatment in sufficient 
amount and rapidity to get effective dosage at the tumor. There seems 
to be no doubt that a previously performed decompression allows the 
delivery of more rapid and complete dosage to the pituitary gland with- 
out causing disagreeable after-effects. It is obvious that doses vary- 
ing from 7 to 25 per cent, unless frequently and consistently given, will 
not deliver sufficient irradiation to have much influence on even the most 
sensitive tumor. 

The patients in this series were practically all outpatients and under 
poor control. Some occasionally failed to keep their appointments, and 
the regularity of the dosage was therefore interrupted, so that the 
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depreciation died, was sometimes nearly as great as the subsequent dose; 
hence, accumulation might he practically at a standstill. 

Owing to the rather alarming reaction shown by the first patient, to 
who>'i 200 and 300 r doses were given, treatment for subsequent patients 
was in the form of smaller doses given frequently and rapidly in an 
.attempt to build up a saturation of satisfactory degree at the tumor, 
hither on account of the interval between treatments or the noncoopera- 
tion of the patient, it ma} r be impossible to build up a satisfactory dose 
at the tumor by this method. The results, perhaps, in this series would 
have been more satisfactory if it had been possible always to obtain a 
saturation dose. 1 his could be accomplished only by having the patient 
under perfect control. 

Irradiation, if at all intensive, probably causes a definite 
but varying degree of swelling and edema in the irradiated tissue. We 
believe that there may be an increase in the local pressure when 
this takes place inside an unopened skull. It might easily be shown in 
an accentuation of such symptoms as are due to increased pressure, 
especially headache, increased blurring of vision, nausea and vomiting. 


SUMMARY AND IMPRESSIONS 

An attempt has been made in a study of twenty-three cases to esti- 
mate the value of high voltage irradiation in the treatment of various 
types of tumors of the pituitary gland. The types analyzed have 
included: chromophil adenoma (five cases), chromophobe adenoma (thir- 
teen cases), adenocarcinoma (two cases) and cystic chromophobe ade- 
noma (three cases). The various types of tumors react differently. The 
problem as to the value of irradiation is far from solved, and at the 
present time a definite answer cannot be given. 

Chromophil adenomas react most favorably to this form of treatment. 
The permanency of relief is indefinite. Cases have been cited in which 
visual improvement has been maintained from four months to nine 
years following high voltage therapy. One case, not included in the 
series, but one which came to the attention of one of us, showed 
improvement for ten years. While we have no case of basophilic 
adenoma to include in this group, reports which have begun to come in 
would seem to indicate that this type of tumor also reacts favorably to 
high voltage irradiation. Some believe that eosinophilic and basophilic 
cells are of a higher type than the indifferent chromophobe or chief 
cells. They should, theoretically, be more resistant to irradiation. On 
the contrary, they apparently react most favorably to this form of 

treatment. . 

Chromophobe adenomas have not responded uniformly to irradiation. 
This has been difficult to explain. It may be partly due to the fact 
that their treatment has not been uniform. In some cases the dosage 
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was insufficient and the course of irradiation incomplete. If the 
chromophobe cells, as some contend, are more embryonic than eosino- 
philic or basophilic cells, one would expect better results^ from irradi- 
ation. It must also be borne in mind that tumors of the pituitary gland 
do not necessarily run true to type, but may, to some degree, be 
mixed. The predominating cells may be of the chromophobe type, but 
there may also be present a smattering of other types of cells. 

Adenocarcinoma of the pituitary 1 gland apparently 7 does not react 
favorably 7 to high voltage irradiation. In view of the fact that mitosis 
of the cells is frequent one might expect that they would be more sensi- 
tive to irradiation. This does not appear to be true. There is a ques- 
tion whether, in fact, these tumors should be considered as true 
carcinomas ; at all events, they do not metastasize extracranially. 

Cystic adenomas of the chromophobe variety show no improvement 
following irradiation. This has been observed by 7 others, and from 
the very nature of the growth is to be expected. Some of the tumors 
may 7 be solid at first, later becoming cystic. It seems to us not unreason- 
able that, taken in conjunction with the clinical findings, a fairly accurate 
differential diagnosis between a cystic and a noncystic tumor can be 
made. This is judged largely by their reaction to high voltage irradi- 
ation. When apparent chromophobe tumors fail to react favorably 7 to 
irradiation within a short time they 7 are very 7 likely 7 cy r stic and more 
amenable to surgical treatment. 

We are unprepared to state what, if any, morphologic changes in the 
gland can be demonstrated subsequent to high voltage irradiation. No 
demonstrable changes were seen in one case of chromophobe adenoma 
of this series which came to autopsy. However, the material was not 
obtained until a y 7 ear after irradiation had ceased, and earlier demon- 
strable changes might easily 7 have been missed. 

Irradiation can be given more intensively if a decompression is first 
provided. 

Apparently certain patients suffering from pituitary tumors gain 
from moderate to useful vision following irradiation. In some the 
gain may be held and the vision remain stationary for years. Without 
irradiation they would almost certainly become blind. 

We have seen no definite regression in general acromegalic symp- 
toms following irradiation. On the other hand, we have not seen any 
definite advance in symptoms. This point can be more definitely decided 
after a longer period of years has elapsed. 

The literature contains many reports of brilliant results in changes 
m the fields immediately following partial surgical removal of tumors 
of the pituitary gland. Late results, however, are seldom given so 
that it is more or less of a conjecture how long the improvement in 
v.sion may have lasted. In our experience, postoperativelv, patients 
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without irradiation have maintained improved vision on an average of 
from one to three years. In various clinics, surgical intervention 
followed by high voltage irradiation is more or less a routine. It would 
not seem illogical in selected cases to employ irradiation first, in the 
hope that certain patients may be helped enough thereby to render 
surgical intervention unnecessary. 

It should again be strongly emphasized that these cases should at 
all times he under the close scrutiny of a neurologic surgeon, who closely 
follows changes in the eyegrounds and fields, and who will frequently 
he called on to perform an operation. For at best, high voltage irradi- 
ation will give satisfactory results in only a certain percentage of cases. 
It does not replace surgical procedure, but rather acts as an adjunct to it. 



EFFECT OF SUPRARENAL DENERVATION AND 
SPLANCHNIC SECTION ON THE SUGAR 
TOLERANCE OF DOGS 


GEZA de TAKATS, M.D. 

AND 

FLORIAN P. CUTHBERT, B.S. 

CHICAGO 


In a previous study 1 we found that the removal of the celiac ganglion 
resulted in a decided, persistent rise of tolerance in every instance. The 
dogs became more sensitive to insulin. A denervation of the liver did 
not produce a rise in tolerance. To analyze the mechanism of our pre- 
vious results, the role of the suprarenal glands was investigated in the 
study to be reported here. 

Elsewhere 2 we summarized the literature on the effect of supra- 
renal denervation and of splanchnic section on sensitivity to insulin. It 
was reported uniformly that removal of the medulla, denervation of 
suprarenal glands or bilateral splanchnic section renders the animals 
more sensitive to insulin. The determination of hypersensitivity to 
insulin was only roughly quantitative, the criterion being whether con- 
vulsion occurred with a dose of insulin which prior to the operative 
procedure failed to cause convulsion. Regarding sugar tolerance before 
and after suprarenal denervation or splanchnic section, the only data 
available were found in a communication by Banting and Gairns, 3 who 
stated that twenty-four hours after double suprarenalectomy 2 Gm. 
of dextrose per kilogram given intravenously produced the same Flood 
sugar curve as before operation. Finally, Ciminata 4 claimed, on the 
basis of a single experiment, that suprarenal denervation protects a 
pancreatectomized dog from diabetes. Critical collective reviews on 
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In this study our previously described methods of determining tol- 
erance for sugar • and sensitivity to insulin 1 were applied to the study 
of the effect of bilateral suprarenal denervation. Bilateral section of 
the splanchnic nerves was scrutinized in the same manner. 


METHODS OF EXPERIMENTATION 


I he tolerance to an intravenous injection of an isotonic dextrose solution at 
timed rates is a constant and repeatedly checked amount of dextrose that can be 
injected during an hour without producing glycosuria. It is never above 1.9 Gm. 
of dextrose per kilogram of body weight in the normal, well relaxed dog. 8 
hollowing the operation repeated determinations of tolerance were made at 
monthly intervals. The dogs were observed for from six months to a year and 
a half and were finally killed to obtain histologic sections of the liver, suprarenal 
glands and pancreas. Tfic sensitivity to insulin was determined by giving one- 
tenth unit per kilogram of body weight in 1 cc. of physiologic solution of sodium 
chloride. The blood sugar was determined before, and ten, twenty and thirty 
minutes and one hour and two hours after, the injection. Some observations were 
also made on the epinephrine hyperglycemia before and after operation, 0.02 mg. 
of epinephrine per kilogram of body weight being injected intravenously. Finally, 
the effect of double supradiaphragmatic vagotomy on the rise in tolerance obtained 
by splanchnic section was studied. 

The technic of suprarenal denervation was as follows : An abdominal incision 
was made parallel to the right costal arch. The right suprarenal gland was 
exposed lateral to the vena cava. Between the diaphragm and the suprarenal 
gland, in the loose retroperitoneal tissue, the right major splanchnic nerve was 
picked up with a hook and dissected cephalad as far as possible, and a segment 
1 inch (2.5 cm.) long was excised. The regeneration of this nerve takes place 
rapidly in the dog. A search was also made for the minor splanchnic filaments, 
which lie in a slightly deeper plane. Next, the large suprarenal plexus, which lies 
between the suprarenal and the celiac ganglion, was dissected out and severed; 
thus all of the nervous connections of the gland were interrupted. The same 
procedure was repeated on the left side, where, because of the absence of the liver 
and the vena cava, the dissection is much easier. In earlier experiments, a right 
suprarenalectomy was done, and the left suprarenal gland was denervated. 

For bilateral splanchnic section, the right and left major and minor splanchnic 
nerves were excised, but the suprarenal plexus was not disturbed. The splanc mic 
nerves were also exposed in one dog above the diaphragm, in the posterior me ias 


5. Bayer, G.: Handbuch der inneren Sekretion, Leipzig, Curt Kabitzsch, 

1927, vol. 2, p. 641. . . 

6. Britton, S. W.: Adrenal Insufficiency and Related Considerations, riy 

Rev. 10:617, 1930. 

7. de Takats, G.; Hannett, F.; Henderson, D., and Seitz I. J.. I he Ettca 
>f Isolating the Tail of the Pancreas on Carbohydrate Metabolism, C°rr 

,f Internal and External Pancreatic Secretion; Arch. Surg. 20:866 ( 

8. Determinations of tolerance carried out by several workers in 

ory in over fifty normal dogs yielded an average of 1.87 Gm. of dex P 
dlogram of body weight per hour. 



de TAKATS-CUTHBERTSUGAR TOLERANCE OF DOGS 153 

tinum, but this approach offered no advantages in the dog. Double supra- 
diaphragmatic vagotomy was performed through an incision in the eighth or ninth 
intercostal space. The pleural cavity was rapidly opened, the esophagus was picked 
up and the two vagus nerves were cut to the right and to the left of the esophagus. 
The resulting pneumothorax was quickly expressed, and the pleural gap was 
sutured rapidly in maximal expiration, with two heavy sutures approximating the 
two neighboring ribs. The intrapleural part of the operation usually did not take 
more than a minute or two. The intestinal muscles and skin were carefully 
sutured. 


Table l— Rise hi Sugar Tolerance Following Suprarenal Denervation 



Preoperative 

Postoperative 



Tolerance,* 

Toler ance.t 

Rise, 


Gm. per Kg. 

Gm. per Kg. 

Dog 

per Hour 

per Hour 

per Cent 

C9 

1.8 

3.85 

SO.G 

70 

79 

1.S4 

2.92 

5S.6 

1.8 

2.S5 

58.3 

S2 

1.S 

2.94 

63.8 

S3 


2.92 

62.22 

SI 

1.87* 

2.82 

56.66 

S9 

1.87* 

2.96 

G4.44 

SO 


2.7S 

54.44 

91 

1.8 

3.00 

66.66 

93 


3.00 

66.66 

$5 


2.91 

61.66 

90 

1.SJ* 

2.57 

42.77 

Average 

1.84 

2.94 

61.36 


* Determinations of tolerance on over fifty normal dogs gave figures of 1.S7 Gm. of 
dextrose per kilogram per hour. In these dogs the preoperative tolerance tras not determined, 
t Average ot several determinations. 


Table 2. — Sensitivity to Insulin Following Suprarenal Denervation 






Blood Sugar, Mg. per 100 Cc. 



operative 

Period. 

During 

Fasting 


Minutes After Injection of Insulin 

' 

Dog 

Weeks 

10 

20 

30 

60 

120 

70 

10 

74.2 

55.2 

S7.4 

39.0 

46.7 

7 

(D 

12 

SS.5 

69.5 

31.4 

31.2 

31.2 


62 

11 

99.0 

£6.2 

55.6 

45.1 

51.2 


S3 

S 

S4.7 

6S.0 

42.7 

40.2 

49.5 

74 6 

84 

9 

Vy.S 

52.3 

34.9 

41.3 

43.7 


89 

3 

73.0 

62.9 

52.3 

45.7 

46.3 

70.4 

Average, 


82.5 

65.7 

42.4 

39.6 

44.8 

75.3 


RESULTS 


The rise in sugar tolerance following suprarenal denervation is 
shown m table 1. The average rise in twelve experiments was 61 36 
per cent of the preoperative level, and the rise varied from the maxi- 
mum of 3.35 Gm. of dextrose per kilogram per hour to the minimum 
Qt 2.3/ Gm. per kilogram per hour. As in the previous series of dons 
subjected to celiac ganghonectomy, the maximal rise in tolerance was 
obtamed after the animal had recovered from the operation and was 
maintained indefinitely unless an infection or intestinal complication 
developed. Intestinal complications will be discussed later. 
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The response of these clogs to insulin was definitely increased. The 
blood sugar curves are shown in table 2. Determinations were made 
between three weeks and eleven weeks after operation. A composite 
graph (chart 1 ) comparing the susceptibility to insulin of normal dogs 
with that of dogs which underwent celiac ganglionectomy, suprarenal 
denervation, splanchnic section and splanchnic section with added bilat- 
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Chart 1. — Curves showing the sensitivity to 

sugar. One-tenth un j* ° f ^^blooTsu-ar'was determined by the modified 
solution of sodium chloride. The blood ^ ^ twenty> thirty, sixty 

Folin-Wu method, before the admimstra 10 gang lionectomy, 

and one hundred and twenty minutes afterward. Not that ^ 8 ^ 

suprarenal denervation and splanchnic sectaffl controls ; s i ow , because 
to insulin. The average of twenty-four cur e ^ ^ in the summer, and 

some of the determinations were made dun g - Trevan’s and our 

high temperatures increase the response to ^ i of hea t is not 

observations) • flowing the operate pr du ires, ^ ^ or 

— w inso,i - a5 
bS r ~ry. « increases .he sens,.,,.. 
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eral vagotomy reveals that the four groups of operations resulted in a 
definite enhancement of the action of insulin on blood sugar curves. 

The rise in sugar tolerance following bilateral splanchnic section 
closely parallels that seen after suprarenal denervation (table 3). The- 
sensitivity to insulin has also increased (table 4). The average figures 
check closely with those seen in table 2. 

The responses to epinephrine of dogs in which suprarenal denerva- 
tion was done was identical to that of dogs in which splanchnic section 
was done, so that the results for both experiments are shown in one 
table (table 5) . A comparison with the figures obtained for dogs pre- 

Table 3. — Rise fit Sugar Tolerance Following Bilateral Splanchnic Section 


Dog 

Preoperative 
Tolerance, 
Gm. per Eg. 
per Hour 

Postoperative 

Tolerance, 

Gm. per Eg. 
per Hour 

Rise, 
per Cent 

G4 

1.9 

2.S1 

475 

100 

1.S 

2.90 

61.1 

10^ 

15 

2.S9 


103 



2.79 

55.5 

105 

1.S 

2.73 

515 

106 

i.s 

2.83 

60.6 

97 

1.S 

3.43 

91.6 

52.2 

SB., 

1.S 

2.74 

1W 

1.S 

2.61 

45.0 



Average 


255 

5S.S 


Table 4. — Sensitivity to Insulin* After Bilateral Splanchnic Section 


Minutes Alter Injection of Insulin 
During , ' 

T'nrt.'nn in on on nt 


Pasting 

10 

20 

30 

60 

120 

£6.2 

55.3 

49.6 

515 

52.2 

£5.5 

G9.5 

41.0 

27.2 

25.1 

33.1 


S3.5 

69.5 

31.4 

315 

2S.3 

62.5 

99.0 

£6.2 

55.6 

45.1 

51.3 

99.0 

£55 

63.0 

40.95 

35.3 

41.2 

£2.3 


* The figures represent milligrams ol sugar per hundred cubic centimeters of blood. 

vious to operation (table 6) indicates that these operations definitelv 
depress, although they do not entirely suppress, hyperglycemia due to 
epinephrine. In chart 2 the upper two curves illustrate the effect of 
splanchnic section on epinephrine hyperglycemia, the dose of 0.02 mg. 
of epinephrine per kilogram of body weight having been given. The 
middle two curves show the effect of suprarenal denervation on the 
response to epinephrine which is equally definite, but the smaller 
dose of 0.01 mg. per kilogram was given intravenously. The lower 
curves represent the average for seven normal animals and eight ani- 
mals on which operation had been performed. The dose was 0.02 
mg. per kilogram of body weight. The blood sugar during fasting is 
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Iinvtr and the peak of the rise, which appears between five and ten 

tmimtes after tbc injection, is lower in the group with suprarenal 
denervation. 

When supradiaphragmatic double vagotomy was added to bilateral 
splanchnic section, the tolerance did not change except in one instance, 


Tatiu: 


S.— Response of the Blood Sugar* to Epinephrine in Dogs with Suprarenal 
Denervation or Splanchnic Section 


llurlnj; 


.Minutes After Administration of Epinephrine 


ra-dlng 

10 

20 

30 

CO 

120 

IkLO 

wt.s 

gs.7 

P0.C 

fi7.fi 

03.2 

55.G 

S9. 7 

S9.3 

84.4 

71.2 


lOt.O 

97.0 

75.2 

76.1 

81.6 

71.5 

83.0 

SM 

70.7 

70.B 

74.7 

71.7 

pi.rs 

81.0 

SI. 3 

74.0 

70.0 

sots 

01.0 

S1.3 

75.C 

78.3 

79.1 

72.7 

SO.G 

SO.S 

C4.4 

09.3 

71.8 

SI.fi 

Pf.fi 

03.0 

90.1 

88.1 

84.0 

79.2 

69.0 

83.5 

70.0 

76.3 

76.9 


* Tli n figures represent milligrams of sugar per hundred cubic centimeters of blood. 


Table 6. — Hyperglycemia* Due to Epinephrine in the Normal Dog 


Minutes After Administration of Epinephrine 
During — — — ' 


1’nstlng 

10 

20 

30 

60 

120 

100.5 

122.7 

117.0 

107.0 

93 .G 

85.9 

105.3 

154.7 

100.0 

137.2 

127.1 

S9.4 

ios.7 

122.0 

137.0 

322.7 

119.0 

111.7 

102.1 

S7.S 

93.9 

97.6 

SS.9 

88.5 

85.1 

119.0 

92.7 

90.5 

.... 

87.4 

SO.G 

114.3 

99.0 

87.4 

S6.2 

• • • • 

102.1 

110.5 

9S.G 

97.1 

100.5 

103.4 

9S.C 

118.7 

114.2 

105.6 

103.4 

96.05 


* Tile figures represent milligrams of sugar per hundred cubic centimeters of blood. 


Table 7. — The Effect of Double Vagotomy on the Rise in Sugar Tolerance 
Obtained After Bilateral Splanchnic Section 


Sugar Tolerance* 


Dog 

' Before Vagotomy 

After Vagotomy 

102 . 

2.73 

2.73 

97 

3.45 

3.39 

os 

2.74 

2.61 


* Expressed in grams per kilogram per hour. 

but here the determination was done too soon after the operation 
(table 7). Nor did vagotomy change the increased sensitivity to insulin 
obtained after splanchnic section; if anything, it slightly increased it. 
Doses of atropine of from 2 to 2.5 mg. given before the administration 
of 5 units of insulin intravenously did not diminish the action of t e 
insulin and the blood sugar values showed a close similarity to those 
obtained after double vagotomy (chart 1, lower two curves). 
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OTHER OBSERVATIONS 

The surgical mortality was very low, but some animals were so list- 
less and adynamic after the suprarenal denervation that they were given 
ephedrine in doses of 15 mg. twice a day for the first day or two after 


5 IO 2.0 30 60 * Time in minutes 120 



. Chm 2 - Curves showing hyperglycemia due to epinephrine. Epinephrine was 
gn-en mtravenoudy in doses of 0.02 mg. in 1 cc. of physiologic solution of s^ 
chloride.. Tests for blood sugar were made before the injection and five, ten twenty 

dm’ S1Xti ' 3nd ° ne hUtldred and tW£nty minutes afterward. The upper and 

?ancir rS t CUrVeS ’ Sh °- Vi 7 the reSP ° nSe f ° ll0win ^ su P ra renal denervation and 
-planchmc section, respectively, represent single experiments before and after 

pc ration, while the lowest two curves represent averages after both tr t 
operation. In the three groups the upper curve is preo^ratEe and th^lo 
cun-e postoperative. Note that the blood sugar during fastinv is In / er 

"»> *™™,io„ or splanchnic section. The £ 7J, c 7oJ Z/* " fety 
pronounced after these two operations, or may even be inverted in ? T i SS 

(no, sho,™ in a, is graph). The corves indLteto 

luobilize after the operation, provided the glycogen content of the li - ' ^ t0 

diminished. Our unpublished data indicate that there is a rise of s-k-r ^ - S ^ 

'"•er after splanchnic section. 56 01 glyco 2 en >n the 
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*! ,C A1,out onc thlrd of the animals had postoperative diar- 

but U..s was readily controlled by atropine. 

All of the dogs studied in the series were killed, and autopsies were 
poi formed at the conclusion of the experiment. The cut ends of the 
splanchnic nerves were found matted together in a neuroma in most of 
the earlier cases. We have since removed larger segments and believe 
that a regeneration of the splanchnic nerve can hardly be prevented, unless 

the proximal stump is implanted into a peripheral nerve. 0 Sections 
of tiic liver, pancreas and suprarenal glands were taken as a routine, 
and only a brief summary of the observations will be presented here. 

1 he h\ cr macroscopically looked normal. The surface was smooth, 
and tiic color and consistency wore norma}. On histologic section, how- 
ever, the liver cells seemed large ; the protoplasm was light and slightly 
granular and the nucleus was often pushed to one side. This change 
was particularly obvious around the central vein. Whether these obser- 
vations mean an abnormal!}’’ high deposit of glycogen is now being 
studied. 10 Preliminary staining for fat with sudan III did not reveal 
an unusual amount of lipoid substance. There was no increase in con- 
nective tissue. The small bile ducts and the portal and the hepatic 
venules were generally dilated. The entire liver was hyperemic. In 
dog 94, all of the smallest vessels were dilated and filled with blood. 


The pancreas seemed to be more firm than is normal and was granular 
in consistency in some of the animals. Its color and size were normal. 
On section, there was an unmistakable increase in vascularity. Not 
only the vessels but the ducts were wide open. The acini and small 
ducts were filled with secretion. The size and number of islands were 
not studied numerically in serial sections ; in certain slides, however, 
there was an unusual hyperemia of the islets, which enabled us to 
visualize the complicated vascular network. 

The denervated suprarenal glands seemed of normal size and con- 
sistency, although in two of the fifteen animals studied the glands 
were small and atrophic. The medullary veins were gaping, and the 
chromaffin substance stained well. The cortex was loaded with lipoid 
substance and showed mitotic activity between the. zona glomerulosa 
and the zona fasciculata. The cortical veins were not so dilated as the 
medullary ones. The general impression was that of increased fat 
storage in the cortex, the medulla being unchanged except for the 
venous hyperemia. 11 


9. Dr. S. W. Ransom made this suggestion. 

10. von Gierke, E.: Hepato-Nephromegalia glycogenica, Beitr. z. path. Ana . 


u. z. allg. Path. 82:497, 1929. . 

11. Dr. R. A. Jaffe, pathologist of the University of Illinois 

County Hospital, looked over these slides. 


and of the Cook 
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COMMENT 

When the rise in intravenous sugar tolerance following suprarenal 
denervation and splanchnic section and our previously reported results 
following celiac ganglionectomy are compared, it will be seen that they 
are practically identical. Certain breeds of dogs, such as airdales, 
respond with higher rises in tolerance than others, but an average rise 
to from 2.8 to 2.9 Gm. of dextrose per kilogram per hour was obtained 
in all three groups of experiments. The susceptibility to insulin is also 
markedly exaggerated. We are aware of the many factors that influ- 
ence the response to insulin, such as seasonal and atmospheric variations, 
previous nutrition, dehydration and temperature; nevertheless, the sev- 
erance of the sympathetic innervation to the triad of liver, pancreas 
and suprarenal glands makes the animal unmistakably sensitive to 
insulin. The curves showing the response to epinephrine, on the other 
hand, indicate that sugar is mobilized with more difficulty from the 
liver, assuming, of course, that there is enough glycogen available 
for mobilization. 

The influence of double vagotomy on the rise in sugar tolerance 
following suprarenal denervation or splanchnic section was found to 
be negligible. Quigley and his co-workers have found 12 that secretion 
of insulin following hyperglycemia is at least as active with both 
vagus nerves cut as in the normal animal. The rises in tolerance which 
we noted, therefore, do not seem to be explained on the basis of a 
vagosympathetic imbalance. While we have previously reported that 
denervation of the liver alone did not seem to produce a rise in tolerance 
or an increased sensitivity to insulin, there are uniform histologic 
changes in the liver and the portal system that require further study. 
The liver cell is loaded with a substance, and if this proves to be glyco- 
gen, the changed responses to insulin and epinephrine might be explained 
by a “glykopexy,” or increased glycogen fixation. 

The effect of splanchnic section on the suprarenal medulla has been 
studied by a large number of workers. 5 Important is the work of 
Iioshi, 13 who observed disappearance of nerve fibrils in the medulla 
within from four to eight days after splanchnic section. Section of 
the vagus has no effect on the microscopic picture. Hoslii stated the 
belief that there are no ganglions in the medulla and no synapsis in tire 
celiac ganglion, which would mean that both splanchnic section and 
celiac ganglionectomy would be postganglionic neurotomies. 

12. Quigley, J. P. ; Halloran, W. R„ and Barnes, B. O.: Variations in Blood 
Supar Values of Normal and Vagotomized Dogs Following Glucose Administra- 
tion, J. Nutrition 5:77, 1932. 

13. Hoslii, T.: Morpliologisch-exper imentei le Untersuchungen fiber die Inner- 
vation der Nehennicren, Mitt. d. allg. Path. u. path. Anat. 3:328, 1927 
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. J f I,al h .vpoglyccmia due to insulin stimulates medullasuprarenal secre- 
tion has been sufficiently emphasized by Cannon . 11 Kahn 15 showed that 
histologic changes occur in the medulla of the suprarenal glands and 
also m the aortic paraganglion following the administration of insulin, 
but that this can be effectively prevented by splanchnic section. 

Ivaab lfi expressed the belief that epinephrine is the direct antagonist 
of insulin so far as glycogen fixation in the liver is concerned. If one 
inhibits the secretion of epinephrine that follows the administration of 
insulin by splanchnic section, an increased glycogen fixation should 
result. 

The work of Kulschcra-Aichbergen 17 deserves to be mentioned in 
connection with our work. He believed that he had shown that, while 
epinephrine usually flows through the central vein to the vena cava, the 
vein, which is unusually muscular, may be closed by spasm; the result 
is the shunting of the epinephrine through the cortical veins and into 
the portal system, whence it acts more directly on the glycogen. 
Kutschcra-Aichbergcn explained piqure glycosuria by such a spasm of 
the central vein. Splanchnic section may abolish such central impulses 
to the central vein, and it has been repeatedly shown that no central 
hyperglycemia can be produced after section of the splanchnic nerve 
(Mock and de Takats 16 ). 

The role of the suprarenal cortex in carbohydrate metabolism has 
been recently discussed by Britton and Silvette 10 and Silvette . 20 Accord- 
ing to these investigators, corticosuprarenal extract increases the rate of 
glycolysis in vitro, raises the liver glycogen and increases the blood sugar 
in the animal suffering from cortical insufficiency. The observations 
of Tokomitsu 21 are interesting; he stated that following ligation of the 
pancreatic duct in the rabbit, the suprarenal cortex enlarges from one and 
one-half to two times its original size and many mitoses are seen at 


14. Cannon, W. B.; Mclver, M. A., and Bliss, S. W.: A Sympathetic and 
Adrenal Mechanism for Mobilizing Sugar in Hypoglycemia, Am. J. Physiol. 69. 
46, 1924. 

15. ICahn, R. H. : Ueber die zentrale Reizung der Nebennieren und der Para- 
ganglion wahrend der Insulinvergiftung, Arch. f. d. ges. Physiol. 212:54, 1926. 

16. Raab, W.: Glykogen-Fixation mit Insulin, ICIin. Wchnschr. 3:1678 (Sept. 


9) 1924. 

17. Kutschera-Aichbergen, H. : Nebennieren Studien, Frankfurt. Ztschr. f. 

Path. 28:262, 1922. . . 

18. Mock, H., and de Takats, G. : Hyperglycemia Following Head Injuries, 

Ann. Surg. 90:190, 1929. , . 

19. Britton, S. W., and Silvette, H. : The Apparent Prepotent Function o 

Adrenal Glands, Am. J. Physiol. 100:701, 1931. . . vifr0 

20. Silvette, H.: Effects of Cortico-Adrenal Extract on Glycolysis in V , 

Am T„ Physiol. 102i 693, 1 932. % « 

21. Tokomitsu, Y.: Ueber eine neue Funktion der Nebenmerenrinde, M . 

allg. Path. u. path. Anat. 1:161, 1921. 
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the zona, spongiosa. He thought that the cortex and the pancreatic islets 
are synergists, and that a compensatory cortical hypertrophy prevents 
the animals from becoming diabetic. When the cortex was removed, 
glycosuria of long duration developed. The report of a case of diabetes 
in which the patient, who died in coma, was resistant to insulin, was 
published by Chiari ; 22 a marked hypertrophy of the cortical cells was 
found in a true cortical adenoma. In a previous communication 2 we 
reported cortical enlargement following ligation of the tail of the 
pancreas. 

What suprarenal denervation or splanchnic section does to cortical 
secretion, particularly in regard to carbohydrate metabolism has not 
been studied so far. Our histologic observations indicate that there is 
an increased storage of fat. Cortical atrophy is known to occur after 
hypophysectomy. Cortical hypertrophy can be induced by the adreno- 
tropic hormone of the anterior pituitary gland, and this may be one of 
the links between carbohydrate metabolism and the pituitary gland. 

SUMMARY 

Suprarenal denervation and section of the splanchnic nerve are 
equally effective in raising the sugar tolerance of normal dogs. Thus 
the previously reported effect of celiac ganglionectomy can be explained 
by its denervating effect on the suprarenal glands. The dogs are more 
responsive to insulin and less responsive to the hyperglycemic action 
of epinephrine. Bilateral vagotomy does not diminish the rise in sugar 
tolerance obtained by these operations. These data add to the knowledge 
of the stimulating effect of the sympathicosuprarenal system on the 
mobilization of glycogen. The interruption of this mechanism may 
lead to increased glycogen storage or fixation of glycogen in the liver. 

Note.— S ince this article went to press, it has been definitely established that 
splanchnic section produces an increased storage and also an increased fixation of 
glycogen. 


22. Chiari, H.: Ein Fall von Diabetes mit Hypertrophie der 
Rinde, Wien. klin. Wchnschr. 42:1318, 1929. 
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GASTRIC SECRETION 


v. A C ! I r.OK H VI)R I A FOLLOWING PARTIAL GASTRECTOMY FOR ULCER: 
STUDIES WITH HISTAMINE AND THE TRANSPLANTED 
GASTRIC POUCH 


EUGENE KLEIN, M.D.f 

NEW YORK 

I lie opciation of partial gastrectomy has furnished an opportunity 
lor the study of many of the problems of gastric physiology. The 
present paper is not primarily concerned with the results following this 
procedure. These have recently been discussed by Berg, 1 who intro- 
duced the operation in this country as the procedure of choice in the 
ticatmcnt of gastric and duodenal ulcer. But in spite of the numerous 
advances in physiology and their evident bearing on the subject, there 
still exists an apparent misunderstanding of the mechanisms involved. 
Since considerations of function are at least as important as those of 
structure, it may not be amiss to emphasize again the underlying facts 
and at the same time add some clarifying experiments. 

The first point to grasp is that the gastric secretion following a meal 
is not a single response to one type of stimulus. It is the total of 
responses to at least three, and probably more, entirely separate groups 
of stimuli. Further, the mechanisms of these groups vary considerably. 

It is possible to influence one without affecting the others. 

Briefly considered, the three chief phases are (1) primary (psychic, 
cephalic) ; (2) secondary (gastric, chemical), and (3) intestinal. 

( 1 ) The primary phase is reflex, and the reflex pathway reaches the 
stomach over the vagus system. Seeing or smelling food may initiate 
the stimulus and tasting, chewing and swallowing continue it. dhe 
secretion starts about five minutes after the beginning of the sensory 
stimulation and persists for about two hours after it ceases. The secie- 
tion varies in amount, being more profuse during hunger than after the 
appetite is appeased. Section of the vagi suppresses this secretion. 2 

fDr. Klein died on Oct. 2, 1932. 

From the Service of Dr. A. A. Berg and the Department of Laboratories, 
Mount Sinai Hospital. 

1. Berg, A. A.: The Radical Operative Cure of Gastric and Duodenal Ulcer, 

S. Clin. North America 8:1167, 1928; The Mortality and Late Results of Sub- 
total Gastrectomy for the Radical Cure of Gastric and Duodenal Ulcer, Ann. Surg. 
91:340 1930. 

2. (a) Uschakow: Dissert, St. Petersburg, p. 20; quoted by Babkin, B. P.: 

Die aussere Sekretion der Verdauungsdriisen, Berlin, Julius Springer, 19-8, p- ■ 

(b) Pavlov, I. P. : The Work of the Digestive Glands, ed. 2, London, L. On! n 

& Company, 1910. 
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(2) The secondary or chemical phase begins after the entrance of 
food into the stomach. It is due to chemical substances in the food. 
These do not directly stimulate the secretory cells. There are no acid 
cells in the antrum or distal portion of the stomach. They are all situ- 
ated in the body and fundus. But it is through the antrum that the 
chemical stimuli act. 3 This fact is physiologically well established, but 
clinically is not so well known. The mechanism is only partly under- 
stood. The chemicals from the food (secretogogues) either are directly 
absorbed into tire blood stream or produce a hormone in the antrum 
which is absorbed and carried to the secretory cells through the blood. 
It is the antrum or the site of the chemical stimulation that is removed 
by the operation of partial gastrectomy. 

(3) The intestinal stimulus is not so well understood as the others. 
It apparently starts late after a meal (from one to six hours) and 
accounts for only a small part of the secretion. 4 5 

In addition to those clearly defined phases, there is the spontaneous 
secretion. This seems to be due chiefly to conditioned reflexes reaching 
the stomach over the vagi. 3 But there may also be chemical stimuli 
acting through the blood. 6 

Following partial gastrectomy, which removes the antrum of the 
stomach, achlorhydria is produced in a certain proportion of cases. In 
table 1 are shown the results reported in a previous paper. 7 The obser- 
vations on a much larger group are now in preparation. 

To study experimentally in the dog the effects of the elimination of 
the second or chemical phase, a transplanted subcutaneous pouch was 
used. 3a Intra-abdominal section of the vagi, no matter how care full)' 
performed, frequently misses some branches, especially those that may 
be given off just above the diaphragm. With the transplanted pouch 
these objections did not hold. 

All connection with the vagus and splanchnic nerves and the gastric 
vessels was eliminated. The pouch was dependent on the abdominal wall 
for its blood supply. The primary, or reflex, and the intestinal phase 
could still act by transmitting stimuli through the blood. The response 

3. (a) Klein, E., and Arnheim, E. : Gastric Secretion: I. A Transplanted 
Subcutaneous Gastric Pouch, Arch. Surg. 25:433 (Sept.) 1932. (6) Ivy, A. C ■ 
The Role of Hormones in Digestion, Physiol. Rev. 10:282, 1930. (c) Babkin 

A A: Die aussere Sekretion der Verdauungsdriisen, Berlin, Julius Sorinser 
1928, p. 39S. ’ 

IDi A. C. , Dim, R. K. S., and klcCarthy, J. B. : The Intestinal Phase 
of Gastric Secretion, Quart. J. Exper. Physiol. 15:55, 1925. 

5. Babkin, s c p. 190. 

6. Klein, E. : Gastric Secretion : IV. Effect of Atropine on the Secretion of 
Transplanted Subcutaneous Gastric Pouches, Arch. Surg. 26:246 (Feb.) 1933 

'• Klein, E. : Gastric Secretion After Partial Gastrectomv, T 4 \[ 1 on. 
1235 (Oct. S) 1927. 
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to test meals of meat and water was studied (table 2). A partial gas- 
tiectomy was then performed to remove the secondary phase. After 
this, no free acid was secreted in the pouch during the first six hours 
after a meal (table 2). However, a small dose of histamine produced a 

1 Aiu.r. 1 -■ I: ft ret of Partial Gastrectomy on the Acidity of the Gastric Contents 


Type of Hirer 

■Anncld, 

0 to 20, 
per Cent of 

20 to 50, 
per Cent of 

50 and Above, 
per Cent of 

Number of 

per Cent 

Patients 

Patients 

Patients 

Patients 

Duodenal 

Heforo oprrnflon 

Decent* 

,, 

•1 

SC 

CO 

50 

0 

0 

40 

30 

11 

Old 

25 

41 

17 

17 

12 

Gastric 

Dcforc operation 


2S 

CO 

12 

25 

Decent 

•Ci 

no 

11 

11 

9 

Old 

100 

.. 


3 

Gnstrojcjumd 

Dcforc operntlonf 


11 

07 

22 

9 

Decent 

20 

25 

50 


4 

Old 

50 

•• 

60 

•• 

2 


* “Decent” refers to patient? examined immediately nftcr operation and “old,” to patients 
examined fix months after operation. 

t “lleforc operation” refers to patients examined before partial gastrectomy. 


Tapi.f. 2. — Effect of Partial Gastrectomy on the Secretion of a Transplanted 
Subcutaneous Gastric Pouch Deprived of Vagus and Sympathetic 

Nerve Supply 



Volume of 

Free Hydro- 

Total 

Hour 

Juice, Cc. 

chloric Acid 

Acid 

Before partial gastrectomy 




1 

0.2 

0 

0 

Pod 250 Gm. of meat 



33 

O 

0.G 

16 

;? 

1.1 

27 

54 

4 

0.7 

14 

43 


0.8 

25 

50 

6 

O.C 

20 

45 

After partial gastrectomy 



0 

1 

0.2 

0 

Pod 250 Gm. of meat 




*> 

0.5 

0 


o 

0.2 

0 

0 

4 

0.2 

0 

0 

5 

0.6 

0 

0 

c 

0.4 

0 

0 


0.2 

0 

0 


normal response (table 3), showing that the glandular cells could responc 
promptly to a chemical stimulus. 

When, therefore, the primary vagal phase was absent, the remova 
of the secondary or gastric phase by partial gastrectomy resulte in 
anacidity in the pouch during the period when the secretions from t ese 
two stimuli are normally present. Of course, intestinal neutralism! 
could play no part in the anacidity occurring in the pouch. 
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Previous evidence showing the relation of antrectomy to the phases 
of gastric secretion is that of Gross 5 and Sawitsch and Zeliony, 0 who 
showed that chemical stimuli producing the secondary phase act not on 
the body and fundus but on the antrum. 3 Smidt 8 9 10 studied the secretion 
in dogs with Pavlov pouches, and then did a partial gastrectomy. The 
secretory curves were lowered in such a way as to show suppression of 
the secondary phase. 

One may say with fair certainty, then, that partial gastrectomy 
removes the secondary or chemical phase of gastric secretion if it is 
sufficiently extensive to remove the entire antrum. Pylorectom} T , which 


Table 3 .—Effect of Histamine on the Secretion of a Transplanted Subcutaneous 
Gastric Pouch Before and After Partial Gastrectomy 



Volume of 

Tree Hydro- 

Total 

Hour 

Juice, Cc. 

chloric Acid 

Acid 

Before partial gastrectomy 

1 

0.5 

0 

0 

2 

0.G 

0 

0 

0.2 mg. of histamine subcutaneously 

z 

2.6 

32 

56 

4 

1.2 

IS 

4S 

5 

1.0 

0 

23 

G 

1.0 

0 

10 

7 

0.5 

0 

0 

After partial gastrectomy 

1 

0.3 

0 

0 

2 

0.4 

0 

0 

0.2 mg. of histamine subcutaneously 

3 

2.3 

12 

32 

4 

i.i 

12 

4S 

5 

i.i 

0 

15 

6 

o.s 

0 

s 

7 

0.6 

0 

6 


is so. often confused with partial gastrectomy, is not the same operation. 
Part of the antrum is left. Also, if the pylorus is left, some of the 
antrum remains. 

Table 1 shows, nevertheless, a wide variation in the acid secretion 
following partial gastrectomy in man. The results range from anacidity 
(most common in cases of gastric ulcer) to hyperacidity (most common 
in cases of duodenal ulcer). Can any cause be assigned for these varia- 
tions? Since the secondary phase has been eliminated, and since the 
intestinal phase starts late and apparently does not produce a high rate 

8. Gross, W.: Beitrag zur Kenntnis der Sekretionsbedingungen des Magens 
nacti Versuchen am Hund, Arch. f. Verdauungskr. 12:507, 1906. 

9. Sawitsch, W., and Zeliony, G. : Zur Physiologie des Pj-lorus, Arch f d 

?es. Physiol. 150:128, 1913. ' •' 

10. Smidt, H.: Experimentelle Studien am nach Pavlov isolierten kleinen 
Tnf 6 " GbCr diC sekretorisclie Arbeit der Magendriisen nach den Resektionen 

illroth I und II, sowie nach der Pylorusausschaltung nach v. Eisekbercr ArrU -f 
Mm. Chir. 125:26, 1923. 
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T aCKl,ly , " ,c l,,rcc ],our teste. When it persisted 

, Ktelseetoni}-, would seem most likely to be due to the primary phase 

or so spontaneous secretion. Of course, nothing has been done to remove 
these. 1 


The amount of acid present in the test meal after the operation is, 
therefore, caused by the following factors: 

1. I lie amount of sccrclor}' stimulation that persists. This is prob- 
ably chiefly vagni and reflex. No doubt it is greater in some persons 
than in others. I he possibilities of intestinal stimulation and of paren- 
tcric stimulation must also be borne in mind. 

2. I lie relative percentage of the secretion which before operation is 
due to the secondary phase. For argument’s sake, assume that in one 
case it is 30 per cent and in another 60 per cent. In the latter, partial 
gastrectomy would reduce the postoperative acidity much more than in 
the former. It is likely that the second condition is more frequent after 
the operation for gastric ulcer than after duodenal ulcer. 

3. The amount of neutralizing substances. Pancreatic juice, bile, 
saliva and the test meal itself neutralize acid. That these are not, how- 
ever, the sole factors in the production of anacidity, as Portis and Por- 
tis 1= contended, is clear from what has been stated previously. 

4. A change in the secreting cells themselves. It is possible that in 
some cases such a change may occur. This will be discussed more fully 
later. 

Briefly, then, the considerations thus far advanced show that anacid- 
ity results when the removal of the gastric secondary phase reduces the 
secretion sufficiently to permit neutralization of the remaining secretion 
by food and intestinal regurgitation. When a large proportion of the 
secretion is secondary, when the primary, or vagal, phase is not profuse 
and when a great amount of regurgitation is present, anacidity results ; 
when the conditions are reversed, acidity will persist. Of course, these 
are the extremes, and all degrees of variations intervene. 

Table 1 shows that in cases of gastric ulcer the tendency toward 
achlorhydria after operation is greater than in those of duodenal ulcer. 
Although the evidence is not conclusive, it seems highly probable that 
the former conditions are more often approximated in cases of gastric 
ulcer and the latter in those of duodenal ulcer. 

A further contributing element is that in the case of duodenal ulcer 
the first part of the duodenum is also removed during the operation. 
Since inhibitory impulses to gastric secretion originate in this part 


11. The possibility that some of the secretion of acid which persists is due to 

stimuli of parenteric origin also cannot be excluded. r f •_ 

12. Portis, S. A., and Portis, B.: Effects of Subtotal Gastrectomy on Gastric 

Secretion, J. A. M. A. 86:836 (March 20) 1926. 
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(Sokolov , 13 Smidt , 10 Lim, Ivy and McCarthy 14 ), the removal of these 
inhibitions tends to permit greater secretion after operation in cases of 
duodenal than in those of gastric ulcer . 15 

For these reasons, as stated in a previous paper , 16 section of the left, 
or anterior, vagus has been added to the operation of partial gastrectomy 
when the preoperative acidity is very high. The additional reduction 
of part of the primary vagal phase is usually sufficient to produce 
achlorhydria. 

There is, however, one further element that enters into the production 
of anacidity after operation for both duodenal and gastric ulcer. This 
is shown by studies with histamine. When using histamine as a gastric 
stimulant, one should recognize clearly that the resultant stimulation is 
not exactly comparable to that of the test meal. First, histamine is a 
powerful chemical stimulus acting directly on the cells and stimulating 
chiefly the secretion of hydrochloric acid ; 17 second, the primary or vagal 
phase does not enter into the resultant secretion, and, third, the juice 
secreted into the stomach is obtained in a purer state, since no food from 
a test meal is mixed with it. These facts should be remembered when 
comparisons are made with the various secretory tests in man. 

After partial gastrectomy histamine tests were performed on seven- 
teen persons who showed an anacidity to the Rehfuss test meal with 
gruel. All of the patients had free acid before operation. Five-tenths 
milligram of histamine hydrochloride was injected subcutaneously, and 
the gastric secretion was extracted every fifteen minutes for three hours. 
All but four of the patients showed acid after injection of the histamine. 
The degree varied from a small amount in only one tube to the presence 
of free acidity throughout the three hours of the test. 

In these cases it is evident that add could still be secreted. However, 
the amount had been so reduced by the operation that with the ordinarv 
stimulus of the test meal the resultant acid secretion could be neutralized 
by food and intestinal regurgitation. It should be emphasized that the 
results which follow stimulation by food are probably more in line with 

13. Sokolov, quoted by Pavlov. :b 

14. Lim, R. K. S. ; Ivy, A. C., and McCarthy, J. B. : Contributions to Physi- 
ology of Gastric Secretion by Local and Chemical Stimulation, Quart J Exner 
Physiol. 15:13, 1925. 

15. Experiments are now under way to determine whether some part of the pre- 
operative hyperacidity so common in cases of duodenal ulcer is due to interference 
with inhibition from the duodenum. 

. 16 - K j e ' in > E. : Left Vagus Section and Partial Gastrectomy for Duodenal 
Ulcer with Hyperacidity, Ann. Surg. 90:165 (July) 1929. 

17. Babkin, B. P.: The Value of Histamine as a Test of Gastric Secretion 
from a Physiological Point of View, Canad. M. A. J. 23:268, 1930. 
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iIk conditions under winch (lie patient lives than those which are present 
stomach ’’ C ' K "” cal Sli ' m,lant 0,1 1,K ^strk in an empty 


in four patients the secretion did not respond to food or histamine. 
In one, free neid was present in only one sample, and in two others, in 
two samples extracted at the fifteen minute intervals. Histamine is one 
oi the most powerful stimulants of secretion of hydrochloric add known, 
.md since, as already stated, it acts directly on the gastric cells, the most 
likoh explanation of the anacidity is that some change occurred in the 
secretory cells. 

What the change is or why it occurs I do not know. Sections of the 
fundus have been examined for many r years after partial gastrectomy, 
and they appear normal. 18 But gastric mucosa that looks normal under 
the microscope may occur with achylia, and besides no specimen has been 
examined microscopically in which anacidity to histamine has been found 
after operation. Possibly a spread of the gastritis present in nearly all 
cases of ulcer is responsible, but as yet I do not know. Bearing on this 
problem is the work of Winkelstein, 10 who reported that after partial 
gastrectomy 55 per cent of stomachs do not excrete neutral red. Since 
excretion of the latter is supposed to be suppressed only in the presence 
of true anacidity, the presumption was that true achylia existed in 
those cases. 

Comfort and Osterberg 20 found that 20 per cent of their subjects 
showed anacidity with histamine after partial gastrectomy. No report 
was made of the percentage of anacidity following the ingestion of food. 
They conclude, in view of the small proportion of anacidity with his- 
tamine, that the gastric, or secondary, phase of secretion is not of great 
importance. But it should be evident that this conclusion, though it may 
be true, is not a necessary consequence of their work. Histamine is 
similar to the chemical stimulant of the second phase. To use it after 
partial gastrectomy is to supply a stimulus similar to the one removed. 
The surprising thing is that any subject shows anacidity after the use of 
histamine, for the acid cells are still present. As already stated, it seems 
necessary to assume some changes in the secreting cells to account for 
this. Whatever the cause, there can be little doubt that it is associated 
with the partial gastrectomy. This unknown factor may also be partly 


18. Thus a patient operated on for gastric polyps five years after gastrectomy 
for ulcer showed normal mucous membrane in the stomach (microscopic examina- 
tion). There was no recurrence of the ulcer. 

19. Winkelstein, A.: Gastric Secretion After Partial Gastrectomy for Ulcer, 
Am. J. Surg. 7:494, 1929. 

20. Comfort, Mandred W., and Osterberg, Arnold E. : Gastric Secretion After 
Stimulation with Histamine, J. A. M. A. 97:1141 (Oct. 17) 1931. 
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responsible for the progressive reduction in acidity previously repoi ted 
in many cases of partial gastrectomy in which acidity was present after 
the operation. 7 

In conclusion I would emphasize that although it is of the utmost 
importance to accumulate as many facts concerning gastric secretion as 
possible, any comparisons of the results should be accompanied by a 
realization that the mechanisms involved may not be identical. It is, 
to mention one instance, justifiable to compare the secretion after the 
injection of histamine to that obtained after the ingestion of food; but 
the factors involved are not the same. And they are not the same 
because gastric secretion due to food is not the pouring out of hydro- 
chloric acid and pepsin as a response to one type of stimulus, but a series 
of responses to stimuli arising from many sources, acting through dif- 
ferent channels and effected in various ways. The era of the Ewald 
tests, with the examination of a single specimen after a test meal, was 
followed by that of the Rehfuss tests, with fractional examinations for 
two or three hours. Attention should now be focused on the separate 
phases of secretion, to study them individually in both normal and 
pathologic conditions. 

SUMMARY AND CONCLUSIONS 

Gastric secretion is the total of various distinct phases of secretion 
in response to stimuli acting at different points. 

The three chief phases are: (1) the primary, due to reflexes from 
various sensory organs reaching the stomach over the vagus nerve: 
(2) the secondary, or gastric, due to chemical stimulation of the antrum, 
and (3) the intestinal. In addition to these there is the spontaneous 
secretion, part of which seems to be due to conditioned reflexes. 

Some stimuli, such as food, excite all the phases, whereas other 
stimuli, such as histamine, stimulate the secreting cells directly and seem 
to be similar to the stimuli effecting the second phase. 

The removal of one phase, as by sectioning the vagi or by removal of 
the antrum, leaves the other phases. 

If the secretion of the remaining phases is collected in a gastric pouch 
(Pavlov), it is not neutralized by intestinal regurgitation, and free acid 
can be demonstrated. As far as I know, the concentration of hydro- 
chloric acid secreted by the various phases is the same. If, therefore 
one phase is removed and if secretion of acid persists in the pouch, there 
is no reason to expect the concentration of that secretion to be lowered. 
If the secretion is collected from the stomach the free add may be partlv 
or completely neutralized, producing pseudo-anadditv. 

Partial gastrectomy removes the second or gastric phase. Whether 
anacidity results in the stomach after the ingestion of food depends on • 
(1) the amount of secretion which has been caused by the second phase - 
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(2) the amount of secretion of the other phases which are left, and (3) 
the amount of neutralization due to the food, intestinal regurgitation and 
saliva. When 3 is sufficient to neutralize 2, anacidity results. The 
patients show free acid after the injection of histamine. 

In addition to pseudo-anacidity after partial gastrectomy for ulcer in 
man. a true anacidity develops in some patients. In these there is 
anacidity both to food and to histamine. This may be due to changes in 
the secreting cells themselves. 

Partial gastrectomy (removal of the second phase) in a dog with a 
transplanted subcutaneous gastric pouch which has no nervous stimula- 
tion and hence no primary phase produces anacidity in the pouch for 
six hours. Prior to the gastrectomy the pouch secretes acid from the 
first hour. The pouch continues to respond normally to histamine. 
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NEOPLASMS 


Tumors of Bone. — Brailsford 25 pointed out that while the “barrier 
action” of the epiphyseal cartilage to bacteria and tumor cells is great, 
the breaking down of the barrier by a destructive lesion, as demonstrated 
by a roentgenogram, does not necessarily indicate that the lesion is 
malignant, as lesions of a tuberculous nature frequently act in this 
manner. 


Radiosensitivity of Tumors. — Stewart 26 reviewed extensively the 
relative radiosensitivity of benign and malignant tumors. This article, 
replete with the experiences of the author, merits reading. The tumors 
were discussed according to their tissue origin. 

Review of Ewing’s Tumor. — Lattman 2V stated that Ewing’s tumor 
should be diagnosed on the basis of the history of the clinical and roent- 
genologic findings and, above all, of the radiation therapeutic test. 
Biopsy was deprecated on the grounds that early metastases may follow. 
The tumor, which is most common in males under 30 years of age, is 
usually situated in the middle of the bone and never in the epiphyses. 
Y'hile there is occasionally a formation of new bone, normally the tumor 
causes definite destruction of the cortical and central portions of the 


25. Brailsford, J. F. : 

26. Stewart, F.' W. : 
1933. 


Brit. J. Radiol. 7:233, 1934. 

Radiosensitivitv of Tumors, Arch. Surg. 27:979 (Dec.) 


27. Lattman, I.: Brit. J. Radiol. 7:194, 1934. 
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bone Irradiation is the most salisfactory form of treatment, and 
amputation should be reserved for eases in which the condition of the 
•soft tissues precludes further irradiation or in which pain is unbearable. 

. Bcni 0 >> Cell Tumor of Bone.— Holland 28 expressed the opin- 
ion that the roentgenologic appearance of a benign giant cell tumor of 
hone, i. e., a self-contained uniform expansion, an area of internal 
destruction and the shadows of the bony trabeculae, is insufficient to 
warrant a definite diagnosis, hut that a long history is of assistance in 
making a diagnosis. lie cited five cases of the tumor in unusual loca- 
tions: in the shaft of the fibula, in the shaft of the humerus, in a rib, 
in (he ischial tuberosity and in the patella. 

Roentgenologic Characteristics of Echinococcus Disease in Bone.— 
Ctaesscn 22 reported four more cases of echinococcus disease of bone 
and reviewed those that had previously been reported in the medical lit- 
erature. He expressed the opinion that sporadic cases may be found 
anywhere and that a knowledge of the roentgenologic appearance is 
important, since from 1 to 2 per cent of cases of echinococcus disease 
appear in bone. One third of these cystic tumors are found in the 
pelvis ; the spinal column is next in frequency of involvement. In the 
author's cases, the disease was found in the iliac bone, in the sacrum, 
in the head of the femur and in the diaphysis of the femur and of the 
fibula. In bone, the cyst is not surrounded by a strong fibrous capsule. 
There is practically no regional atrophy of bone and no periosteal reac- 
tion. The appearance is that of an expansive growth extending from 
the centrum outward. The limits of the disease can rarely be determined 
by roentgen examination. 


MISCELLANEOUS 

Synovial Sheaths and Fascial Spaces of the Hand. — Three excellent 
drawings of dissections demonstrating the topographic anatomy of the 
hand were shown by Hughes-Jones. 30 Their value is enhanced by the 
fact that the palmar creases are superimposed, which gives an easy 
means of locating the position of the synovial sheaths and the fascial 
spaces. 

Improved Technic for Examination of the Shoulder. — A method of 
obtaining a satisfactory roentgenogram of the shoulder was described 
by Fergusson. 31 First, the patient is placed in a supine position on a 
Potter-Bucky diaphragm, with the uninjured shoulder raised by pads. 
The film is suitably centered. The rays actually passing through the 
glenoid fossa are oblique. Next, the patient is helped over into an 

28. Holland, C. T.: Brit. J. Radiol. 7:277, 1934. 

29. Claessen, G.: Acta radiol. 15:178, 1934. 

30. Hughes-Jones, W. E. A.: M. J. Australia 2:658, 193a. 

31. Fergusson, J. N. : Brit. J. Radiol. 7:33, 1934. 
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almost prone position, the uninjured shoulder again being raised by 
pads. The film, placed as before, caused the oblique rays to pass through 
the scapula so that the bone appears scarcely broader than its axillary 
border. A kilovoltage of about 65 is used for the first film, and of 
SO for the second. A less satisfactory result can be obtained 
by the use of an erect Potter-Bucky diaphragm, with the patient in the 
upright position. 

Osteochondritis Dissecans: Intra-Articular. Osteocartilaginous 
Loose Bodies. — Conway 32 based his discussion on observations on ten 
cases of osteochondritis dissecans. The well known theories of etiology 
—trauma (acute or due to faulty bearing of weight), infection and 
mycotic embolism — were discussed. The pathologic aspects and the 
symptoms were dealt with. The knee was involved in eight cases and 
the elbow in two, which is, roughly, the usual ratio. The loose bodies 
usually arise in the knee, from the lateral portion of the internal condyle. 
They may arise from the patella or may be synovial chondromas. The 
best time for the removal of the loose body is during the period of 
demarcation before synovial change has occurred. 

Posttraumatic Acute Bone Atrophy (Sudeck’s Atrophy). — Gurd 33 
discussed acute atrophy of bone, which may be trivial, but which usu- 
ally occurs with injury near a joint. The atrophy involves the small 
bones of the hands and feet more frequently than the shafts of long 
bones. The author offered the explanation that the cause of the condi- 
tion is a stimulus of the reflex arc, with secondary local hyperemia and 
absorption of bone. The cure may be slow, but diathermy is of value, 
and in the treatment of weight-bearing joints, protected weight bearing 
in plaster is most important in speeding recovery. 

ORTHOPEDIC OPERATIONS 

Treatment of Pyogenic Osteomyelitis of the Sacro-Iliac Joint by the 

Bardcnhcucr-Picquc Resection, Modified by the Orr Method. Kulow- 

ski, 34 from a review of thirty cases of pyogenic sacro-iliac infection 
seen in Steindler’s clinic, concluded that results by any method other 
than resection of the joint are poor because of inadequate drainage. He 
reported in detail four cases in which the patient was treated by complete 
or partial resection of the joint by the Bardenheuer-Picque technic. The 
posterior half of the ilium was exposed subperiosteally, both intrapelvic- 
ally and extrapelvically. carrying the exposure down to the sciatic notch 
1 be ilium was then sectioned vertically through both tables, and the 
Map levered out by driving a chisel into the sacro-iliac joint The resec 
tlnn 1,1 yQnic ,nstanccs ' vas Partial, a bridge of bone being left just above 

(y Conway, F. M.: Ann. Surg. 99:140, 1934. 

.vi. Gurd, F. B.: Ann. Surg. 99:449, 1934. 

34. Kulow4:i. Am. T. Surg. 23:303, 1934. 



- 1 A'C7 / / VIIS 0 [< SVRGIIR V 


! ' V SU,lt,C l n0tC .V ° thcrs <!,C P° slcrior ^ of the ilium was removed, 
lie sacral cartilage and necrotic hone were then removed with a chisel 

and a curd until normal hone was reached. Any intrapelvic abscess was 
evacuated hy blunt dissection in the depths of the wound. The wound 
was then loosely packed with petrolatum gauze, and the pelvis was 
immobilized in a double plaster spica. In the last four cases in which 
this treatment was used there were no deaths, but sufficient time has not 
elapsed for a final study of the end-results. 


End-Results of Hrlhroplaslics of llic ///>.— Campbell, in 1927, 
reported a study of the end-results of arthroplasties of the hip. With 
the increased experience and further study which the lapse of time has 
a Horded i he reported n " a tot al of one hundred and twenty-seven arthro- 
plasties done on ninety-four patients. The operation consisted of the 
remodeling of the acetabulum and the head of the femur and the inter- 
position of a double layer of fascia lata. He used the Smith-Petersen 
approach, being most careful not to strip off the soft tissues from the 
neck of the femur, so preserving its blood supply and preventing aseptic 
necrosis. He permitted walking after from four to six rveeks if roent- 
genograms showed satisfactory bone structure. He concluded that 
arthroplasty should be undertaken in cases of nonarticular disease of the 
hip which has become quiescent. Exceptions are made in presons with 
tuberculosis or unsettled compensation and in the cases of men doing 
heavy labor. He considered treatment in bilateral cases to be much 
more difficult, the end-results on the whole being unsatisfactory, but 
he expressed the belief that more careful study might yield better results, 
Of forty-four nonarticular cases with known end-results, in 60 per cent 
the results were excellent and in 22 per cent, good ; in 18 per cent the 
results were poor or there was failure. 

Results of Operative Treatment of Wry Neck . — Arnold 3C analyzed 
the end-results following operative procedures for wry neck in the clinic 
at Danzig. Four methods of correction were reviewed: subcutaneous 
tenotomy, open tenotomy, open division of the muscle and total or 
partial extirpation of the muscle. The best functional and cosmetic 
results were obtained following open tenotomy of the sternocleidomas- 
toid muscle at the mastoid process, with full correction of the deformity 
and painstaking after-care. For patients over 15 years of age, or for 
those, particularly males with very severe cases, total or partial extnpa- 
tion of the muscle was recommended. 


FRACTURES 

Treatment of Fractures of the Upper End of the Humerus. After- 
studying the mechanics of the shoulder joint on a skeleton to w u 


35. Campbell, W. C.: J. Michigan M. Soc. 33:49, 1934. 

36. Arnold, W.: Arch. f. Win. Chir. 178:257, 1934. 
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artificial elastic muscles has been attached, Howard and Eloesser 
reached several interesting conclusions. The much used abduction treat- 
ment of fractures of the surgical neck of the humerus is wrong, theo- 
retically and clinically. The displacement of the distal fragment is 
produced by the abductor muscles of the shoulder, the latissimus dorsi, 
the teres major and the pectoralis major. Abduction of the arm 
increases the pull of these muscles. The authors concluded that if the 
long head of the biceps is intact, fractures of the surgical neck of the 
humerus maj r be reduced most readily by traction on the arm in a 
neutral position (not abducted), with a simultaneous manual manipula- 
tion of the distal fragment. If the long head of the biceps is ruptured 
open, operation should be resorted to if satisfactory reduction is to be 
accomplished. After reduction, the most stable position of the fracture 
is with the arm bandaged to the body over a small axillary pad. 

Reduction of Fractures of the Surgical Neck of the Humerus. — In 
cases of fracture of the surgical neck of the humerus which have 
resisted the normal methods of setting, Anderson 38 advocated that the 
proximal fragment be controlled by a bone-awl, which is introduced 
through a stab wound on the outer aspect of the shoulder and partially 
transfixes the bone. Subsequent steps are carried out under the fluores- 
cent screen. Traction is exerted in the line of the arm, and while the 
traction is maintained the arm is adducted across the chest. The 
abducted upper fragment is then brought into apposition by depressing 
the bone-awl. Last, the arm is brought slowly to a slightly abducted 
position. 


Treatment of Fractures of the Radius and Ulna: Nczv Anatomic 
Method of Treatment. — Anderson 33 has devised a special form of port- 
able apparatus for skeletal traction and countertraction for tire reduction 
of fractures of the forearm. The apparatus consists of a duralumin 
frame with a horseshoe base at either end. One pin was passed through 
the upper end of the ulna, and a half-pin is passed into, but not 
through, the lower end of the radius. An aluminum cuff fits over the 
ulnar side of the forearm to prevent rotation. Rotation of either the 
upper or the lower fragment can be produced by turning either horse- 
shoe base. The apparatus can be modified to care for fractures of the 
lower end of the humerus or of the olecranon. After the reduction is 
complete the arm is incorporated in a cast at a right angle. 

. °f thc Tibia! Spine. — Venable 40 stated that the usual cause 

Ut tracturc of t,lc tibiaI s Pme is a pul! of a strong cruciate ligament 


37. Howard, N. J., and. Eloesser, L.: J. Bone & Joint Surg. 16:1 
oS. Anderson, H. M.: Brit. M. J. 1:232, 1934. 

39. Anderson, R. : T. Bone S: Joint Surg. 16:379, 1934 

40. Venable, C. S. : Am. J. Surg. 24-.47S, 1934. 
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when 1 lie leg is iixctl and the body is rotated or when the body is fixed 
and the lower part of (he leg rotated. The clinical signs are extreme 
pain, rapid bloody effusion of the knee joint and limitation of motion. 
Troinpt removal, he stated, is the only way to prevent deformity, and 
there is little, if any, disturbance of stability in the knee after such 
a procedure. 

JJvn. No tk. -Removal of the fractured tibial spine is not always 
necessary. Open reduction has given a good result in the experience of 
the editors.] 

7 real incut of Compound Fractures of the Tibia. — Simpson-Smith 41 
gave an account of a method of treating compound oblique or transverse 
tracturcs of the tibia which lie had carried out in twenty cases. After 
preparation of the leg, an incision 5 inches (12.7 cm.) long was made, 
a thorough debridement was carried out and the wound was washed 
with acrifiavine hydrochloride. The periosteum was not opened, but the 
subcutaneous surface and anterior and postero-internal borders of the tibia 
were cleared for 1 inch (2.5 cm.) above and below the fracture. The 
fragments were brought into line by the traction of an assistant on the 
foot and the use of Lane’s forceps. A special clamp which gripped the 
exposed borders was applied, and before it was tightened the fragments 
were thrust home. A sterile gauze roll was next applied, covering the 
wound and surrounding the clamp. A skin-tight sterilized plaster case 
was applied from the middle of the thigh to the toes, the foot being 
slightly flexed in a plantar position. When the plaster was dry, a win- 
dow was cut to expose the wound, and the damp was removed. The 
wound was sutured, with the exception of a small portion at the bottom. 
After six weeks or longer the plaster was removed, a short plaster cast 
with a Bolder ’s walking iron was applied and the patient was encouraged 
to walk with it for a few more weeks, by which time the union was firm. 

Absorbable Metallic Material in Bone Surgery. — Verbrugge 4 
treated twenty-one fractures in various parts of the body with mag- 
nesium bolts, screws or staples, as the case demanded. The material 
was completely absorbed, but the process was slow enough to permit 
the formation of callus. Small amounts of magnesium were absorbed 
in three or four months, and larger amounts lasted correspondingly 
longer. No trace of metal was found after two years, but in many 
cases the exact time of its disappearance was unknown. Absorption 
was accompanied by the production of hydrogen, which caused no 
symptoms. No toxic or irritating symptoms were observed. The 
maximum amount of magnesium introduced was 5 Gin. 


41. Simpson-Smith, A.: Brit. M. J. 2:1019, 1933. 

42. Verbrugge, J.: Presse med. 42:460, 1934. 
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RESEARCH 

Investigation on the Osseous System of the N ew-Boi n. T ov erud 
analyzed the skull bones and ribs of one hundred infants who died at 
or shortly after birth. He found a subnormal amount of ash and a low 
calcium content in the bones of infants whose mothers had received an 
insufficient amount of food during pregnancy. The calcium content 
was depleted more than the phosphorus content. More marked deple- 
tion was shown in premature infants or in twins born of malnourished 
mothers. There was an increase in the osteoid tissue, with small osteo- 
cytes and a lack of intercellular substance in the children of malnour- 
ished mothers. Toverud expressed the opinion that these changes are 
closely related to the osteoporosis and rickets seen during early postnatal 
life. ' 

Effect of Low Calcium Content on Osteogenesis and Healing of 
Fractures. — Key 44 resected bone from the ulnas of twenty dogs. One 
side was used as a control. In the defect on the other side, various 
substances containing calcium were introduced, and the process of heal- 
ing was followed both by roentgen examination and by subsequent 
inspection of the lesions. Key concluded that neither calcium phosphate 
and carbonate in the proportions in which they occur in bone nor bone 
powder, made by removing the organic matter from bone, appeared to 
stimulate osteogenesis of bone when implanted in a bone defect. 

Small Bone Grafts. — Keith 45 transplanted small bone grafts into 
defects in the radius in young and adult dogs. In one series, chips of 
bone were placed about and between the end of the bone, a section of 
bone and periosteum having been removed. In four experiments there 
was almost complete bridging of the gap in from twenty to thirty-five 
days. Union was often more definite at the proximal end than at the 
distal end. Mild weight bearing was considered favorable to union. 
It was considered unwise to fragment a bone graft more than necessary, 
since to do so destroys somewhat its supporting and osteogenic func- 
tions. The formation of new bone from the grafts was much more 
marked in young than in adult dogs, and this tendency was dependent 
°« thc Presence of living osteogenic cells in the grafts. It was empha- 
sized that an intact blood supply of the bed of the graft and the com- 
bined layer of the periosteum is important. From the experiments 
there is no evidence that metaplasia of other connective tissue cells to 
bone- forming cells plays a part in the formation of new bone associated 
with bone grafting. 

4S - Toverud. K. V.: Ztsdir. f. Kinderli. 56:56, 1934. 

44. Key. J. A.: J. Bone & Joint Surg. 16:176, 1934. 

4.->. Keith. W. S.: J. Bone S: Joint Surg. 16:314. 1934. 
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Experimental Transplantation of Bone with Special Reference to 
the Effect of Dccalcification.— Ghormley and Stuck <0 reviewed exten- 
si\ clj tlic literature on the transplantation of bone and curried out 
experiments on adult clogs which seemed to show that the best fusion of 
the hone transplant to surrounding bone resulted when a cancellous 
graft removed either from the iliac crest or from the tibia was used. 
Cortical grafts did not die but showed diminished condensation, and 
pure periosteal transplants did not form new bone. The authors specu- 
lated that in young animals, or in children, periosteum may produce new 
hone when transplanted. Bone chips alone, as used in the Hibbs 
method of spinal fusion, gave good fusion, but not as good as that pro- 
duced by the cancellous graft. Animals placed on a decalcifying diet 
prior to the transplantation of bone gave evidence of more active pro- 
duction of new bone both around the cortical and around the cancellous 
transplants. 

Experimental Studies of Reparative Costal Chondrageuesis and 
7'ransplanicd Bone. — Bisgard 47 demonstrated in patients in whom the 
costal cartilages had been resected, and also in dogs, that the peri- 
chondrium has little if any power to regenerate cartilage. He therefore 
advocated the immediate transplantation of osteoperiosteal grafts to the 
cliondrectomiV.ed perichondral beds to bridge the gap from the rib to 
the sternum. 

Experimental Tuberculosis of the Bones and Joints in Rabbits — 
Trudel is was able to produce tuberculous infection in rabbits by the 
injection of a suspension of tubercle bacilli into the nutrient artery of 
the femur. A typical tuberculous condition developed in the knee joints 
in the majority of the animals, provided the animals had been sensitized 
to tuberculosis previously. Otherwise, the animals either recovered or 
died of generalized tuberculosis. In 75 per cent of the sensitized am 
mals, Trudel found that, after the bone lesion developed there was no 
other detectable focus. 

[Ed. Note. — This work is of greatest importance, because it shows 
again that tuberculous lesions of the bone are rarely, if ever, the primary 
lesion, although the primary lesion may be healed.] 

46. Ghormley, R. K., and Stuck, W. G.: Experimental Bone Tra^plantation, 

with Special Reference to Effect of “Decalcification,” Arch. Surg. 28: t P 

1934. 

47. Bisgard, J. D. : Surg., Gynec. & Obst. 58:817, 1934. 

48. Trudel, P. J. : Am. Rev. Tuberc. 28:331, 1933. 
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Tl>c dcfor mil.y <tisnp IKa rs on standing, and it is possible to correct it 
app \ mg ptessure under the head of the first metatarsal. At a some- 
what later stage the high arch becomes obvious and the ball of the foot 

pr °' nnR ‘ nt; thc t()cs i,ccome bypcrextended at the metatarso- 
phalangeal joints and Hexed at thc interphalangeal joints. Dorsal flexion 
ol the foot is usually limited. This limitation may be due to a con- 
tracted calf or to a deformity within the foot; usually it is a combination 
ot both factors. In clawfoot of marked degree the cavus becomes very 
conspicuous and does not disappear on standing. Occasionally flexibility 
is progressively lost until the foot is almost rigid. The toes become 
markedly clawed, still' and. in extreme cases, dislocated dorsally. The 
width of the foot is increased at the level of the metatarsal heads, and 
callosities develop under them owing to increased pressure at these 
points as a result of stillness and diminished treading surface. The 
equiutis type of deformity is often such as to make it impossible for 
the patient to stand with the heel touching the floor. There is fre- 
quently an associated moderate varus position of the heel and slight 
adduction deformity of the forefoot. 


SYMPTOMS 

The symptoms of mild cases are often voiced by the parents, who 
complain that it is difficult to find comfortable shoes for the child or 
that shoes become misshapen and wear out quickly. It is not uncommon 
to find on the dorsum of the foot tender areas resulting from pressure 
of the shoes. Easy fatigue and weak ankles are frequent complaints. 
As stiffness and deformity develop the gait becomes ungraceful and 
jarring, awkwardness is noted, and stumbling occurs. 

Callosities appear with the more marked deformity and cause great 
discomfort. They usually develop under the first and fifth metatarsal 
heads, and in extreme cases ulcers arise in them. Corns develop early 
from pressure of the shoes on the knuckles of hammer toes. The fric- 
tion and pressure against the shoe at these points are increased at each 
step by the action of the long extensors of the toes in their attempt 
to assist in dorsal flexion of the foot. Clawfoot may be a most dis- 
tressing and disabling condition, leading patients to agree to any pro- 
cedure which promises relief. 


HISTORY 

Clawfoot with marked equinus deformity is probably the condition 
:scribed by Andry in 1741 as "bolt feet”: 

They hide this deformity by wearing shoes of the ordinary shape, but having 
rt part within which the foot leaves a void, filled up with a bit of cork or 
flocks ... it i, no, absolutely i—; ta. „ l,c Helped 
not cored by pulling frequently, but very gently, the toes of tbe ch, . 
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The treatment advocated by Andry, in addition to prescriptions, for 
soaking the foot in tripe broth and for rubbing the calves with oil of 
worms, consisted of replacing wooden heels by lead and advising stretch- 
ing of the calves by mountain climbing. 

In the middle of the nineteenth century clawfoot was confused with, 
and described as, a variety of congenital and acquired clubfoot. Little 
(1853) described it as a separate condition. He suggested rheumatic 
inflammation as its cause and used tenotomies in treatment. Barwell 
(1865) included a description of clawfoot in his book “On the Cure 
of Clubfoot Without Cutting Tendons.” He thought that the cause 
was a weak muscle in the calf and treated the deformity by using 
rubber springs to assist this group of muscles. Duchenne (1863) 
described the action of the intrinsic muscles of the foot and gave as 
his theory of the production of clawfoot a weakness of the muscles 
supplied by the lateral plantar nerve. This theory has had a profound 
influence since its publication and is accepted as the most satisfactory 
explanation by many authors today. Golding-Bird (1883), in England, 
could not confirm Duchenne’s observations and suggested weak peroneal 
muscles as the cause of clawfoot. Fisher (1889) also disagreed and 
contributed to the literature by suggesting transient weakness of the 
dorsal flexors of the foot, due to childhood fevers, as the etiologic 
factor. Shaffer (1885) published some interesting observations on 
infantile paralysis and contributed the term “nondeforming clubfoot.” 
He stated that he had noted quite frequently, as early as 1865, that 
when both lower extremities had been paralyzed and had apparently 
entirely recovered, or in some cases in which there was unilateral 
paralysis, abnormalities appeared in the supposedly sound limb. 

The work of recent writers shows a continued endeavor to find an 
adequate explanation for this deformity as well as some procedure to 
secure lasting relief. Hoffman (1912) devised an operation for severe 
grades of clawed toes which consisted of resection of all the metatarsal 
heads. Forbes (1913) described the difficulties of treatment and advised 
transplantation of the long toe extensor tendons to the necks of the 
metatarsals. Steindler (1917) published a description of his well known 
stripping operation for the release of the plantar fascia. In 1921 he 
wrote that this procedure alone was not sufficient in many cases and 
advised resection of bone to correct the cavus deformity. In 1919 
Hibhs published his method of transplanting the long toe extensor 
tendons to the cuneiform bones. Recent European' literature has 
described radical surgical procedures as necessary to assure permanent 
correction ot the deformity. Numerous articles have appeared describ- 
mg associated spina bifida occulta and thickening of the dura mater of 
the spinal cord. A comprehensive monograph on clawfoot, with an 
almost complete bibliography, was published bv Hackenbroch (19?6) 
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ri ' t ''’ K " iml tl,c 1‘nwrrashx. nature of tl K condition and recommended 
complete correct,,,,, of the dcfonnity | )y rcsectioil of Ze Tnd b , 
tutispl.uitution and lengthening of tendons. ^ 


ETIOLOGY 

Clawfnot may he associated with many known conditions or may 
occur without demonstrable cause. The literature contains numerous 
i defences to its cause or causes, whereas some authors state that there 
is no evident ctiologic factor. Because he could find no adequate 
explanation for clawfnot Mills (1924) was drawn to a study of it 
He wrote: 


' (,tl consulting a standard textbook on orthopaedic surgery I found 

eight separate causes given for this singularly precise and definite deformity. The 
impression left on my mind from reading the list was one of surprise that anyone 
managed to escape the disease. I was also reminded forcibly of the remark of 
one of my surgical teachers to the effect that, when a number of different forms 
of treatment were given for one disease, no one of them was satisfactory. 

i he theories of etiology which are most frequently advanced are 
discussed later. They are: congenital origin, acute illnesses of child- 
hood, constriction of the feet during growth, intrinsic and extrinsic 
muscular imbalance, paratysis in the foot following poliomyelitis, dis- 
eases of the central nervous system, heredity, trauma and infection. 


CONGENITAL ORIGIN 

Cases known to he of congenital origin are rare, and few physicians 
claim to have seen one. The condition is supposed to be due to defec- 
tive development of the spinal cord or to an imperfect formation of the 
plantar structures of the foot. Goff (1933) reported a case in a fetus 
of ?y 2 months with congenital syphilis. European writers suggest that 
spina bifida occulta is the cause of the “idiopathic” group of cases. 
They observe that at birth the spinal cord ends at the level of the 
third lumbar vertebra, and when adult life is reached, at the first lumbar 
vertebra. Accordingly they claim that with the growth of the bon} 
canal away from the lower end of the spinal cord and the presence of 
congenital adhesions, traction is exerted on the nerve structures. A case 
with spontaneous correction of the deformity in the foot following 
laminectomy in a patient with spina bifida occulta was reported } 
Kochs (1927). Spina bifida or other congenital abnormalities which 
involve the spinal cord have been described as the cause of clubfoot as 
well as of clawfoot. In his book, “Congenital Club-Foot,” Brockman 
(1933) stated that clubfoot and spina bifida, when occurring togetier, 
are not interdependent but coincident. He referred to the wor - o 
Parker and Shattock (1884), who showed that in these cases nenes 
and muscles, when examined macroscopically and microscopy y, 
exhibited nothing abnormal. He also referred to Harrison (19 ), 
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who demonstrated that muscle fibers developed independently of the 
influence of the nervous system. Duncher (191o) stated that occult 
spina bifida was present in SO per cent of his cases of clawfoot. At 
this hospital spina bifida occulta has been found to occur incidentally 
in 20 per cent of patients with scoliosis, none of whom had obvious 
clawfoot deformity. 

ACUTE ILLNESSES OF CHILDHOOD 

According to some authors acute illnesses of childhood such as 
measles, scarlet fever and chorea are etiologic factors. Fisher (1SS9) 
stated that during such an illness there is a transient paralysis of the 
dorsal flexors of the foot and that subsequently the child is weak 
and awkward for a few weeks. Then apparent recover} - takes place and 
later, as the foot grows, the plantar fascia does not keep pace, and 
arching results. Shaffer reported having seen slight hemiplegia follow- 
ing scarlet fever and diphtheria and suggested that when this occurs the 
bones grow taster than the muscles and thus cause deformity. This 
theorv does not appear sound since in many cases with paralysis or 
weakness of the dorsal flexors of the foot from a known cause, such 
as poliomyelitis, a clawfoot does not develop. 

CONSTRICTION OF THE FEET DURING GROWTH 

The wearing of shoes which do not fit or of tight shoes with high 
heels and the consequent habitual disuse of dorsal flexion are described 
as a cause of clawfoot. Boys usually wear well shaped shoes but 
exhibit the deformity as often as girls, and in girls clawfoot develops 
before improper shoes are wont. The occurrence of unilateral cases 
contradicts this theorv. 

A high longitudinal arch and limited dorsal flexion is occasionallv 
seen in professional dancers, who use the muscles of the calf excessivelv. 
Some writers draw an analogy between clawfoot and the bound feet of 
Chinese women, but in the latter there is a calcaneocavus deformin' 
without clawing of the toes. 

MUSCULAR IMBALANCE 

Intrinsic Muscular Imbalance . — Paralysis of the intrinsic muscles of 
the foot with active extrinsic muscles is the mechanism most frequently 
accepted as the cause. According to Duchenne the defonnitv occurs as 
follows: The normal action of the interossei is to flex the first 
phalanges of the toes and extend the last two. These therefore offer a 
resistance to the action of the long and short extensors, which alone 
overextend the first phalanges and flex the last two. If the action of the 
long and short extensors is unopposed bv the interossei the toes are 
umwn hack onto the metatarsal bones, the heads of which are depressed 



s ARCHIVES Of SURGERY 

iiw.tanrT ' •"'7';,“ lht ' i,rc1 ’ is incrcascd “ nd a contraction of 
uu pitintiU f«isci«i follows. 

J hcrc is substantial evidence against this theory. No definite 
paralysis or weakness of these muscles has been demonstrated by exami- 
nation, l»y eleetneal stimulation or by dissection of a typical clawfoot. 
In many persons with clawfoot who have been personally examined 
there was sufficient control of the toes to allow the presence of active 
mterossei and himbricalcs to be demonstrated. In the presence of 
active interossei and himbricalcs hammer toe is readily produced by the 
exaggerated action of the long toe extensors in their attempt to aid in 
dorsal flexion of a foot which has already lost its flexibility owing to a 
cavus or cquinus deformity. It can he demonstrated on a cadaver that 
tension on the long foe extensor and flexor tendons at the same time pro- 
duces hammer toe. The intrinsic muscles of the foot are well developed 
structures and constitute a moderate portion of the muscle mass of the 
foot: therefore marked atrophy should be detectable by inspection and 
palpation. In poliomyelitis the intrinsic muscles are less often paralyzed 
than the extrinsic. 


Extrinsic Muscular Imbalance . — The disturbance of muscular 
balance necessary to produce clawfoot has been ascribed to each group 
of extrinsic muscles. Some observers suggest that the balance of 
power in the foot is triangular, the three forces being the dorsal flexors, 
the intrinsic muscles of the sole and the muscles of the calf. They 
state that any disturbance of balance between them allows a cavus 


deformity to develop. Hammer toes are thought to be secondary. 

Weakness of the peroneus longus, allowing the tibial muscles to 
overact, is the explanation offered by Golding-Bird. He stated that this 
imbalance would take the tension off the plantar fascia, allow it to 
contract quickly and render the cavus permanent. On the other hand, 
according to Tubby (1896), exaggerated action of the peroneus longus 
is a causative factor, and weakness of the anterior tibial has been 
suggested by several authors. Weakness of the muscles of the calf 
was advanced as the cause of clawfoot by Barwell (1865) and more 
recently by Royle (1927). Altakoff (1931) published an article with 
illustrations of a model to demonstrate his theory that overactivity of 
the calf muscles causes clawfoot. He stated that after the limit of 
plantar flexion at the ankle joint is reached the calcaneus is pressed 
forward, pushing up the head of the talus and allowing the forefoot to 
be dragged down by the plantar fascia. Hammer toes are then produced 


by the overacting long toe extensors. 

That muscular imbalance is important in the minds of many stu- 
dents of this condition is obvious from the aforementioned references 
and from the fact that much work is being done in an attempt to show 
the presence of very slight changes in the power of individual muscle . 
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This is necessary in order to uphold the theory of muscular imbalance, 
because by ordinary clinical means no weakness can be demonstrated in 
a tvpical clawfoot. 

These theories of muscular imbalance are probably rendered 
untenable by the fact that many feet with definite weakness of mus- 
cles or groups of muscles have been observed for long periods without 
showing clawfoot. For instance, a valgus deformity with slight equinus 
and forefoot abduction usually follows paralysis of the anterior tibial 
muscle. A varus deformity without marked cavus follows paralysis 
of the peroneus longus muscle. Moderate equinus deformity follows 
paralysis of the long toe extensors. Weakness of the calf muscles, with 
strong posterior tibial and peroneus longus muscles, yields a deformity 
resembling clawfoot but lacks its stiffness and hammer toe deformity. 

PARALYSIS IX THE FOOT FOLLOWIXG POLIOMYELITIS 

Clawfoot associated with other residuals of poliomyelitis is fre- 
quent. Shaffer’s observation that the deformity develops after the 
paralysis of the extremity has apparently entirely disappeared, or occurs 
in the opposite supposedly sound foot, has been confirmed repeatedly. 
He thought that the condition might be the result of imperfect recovery 
of power, leaving a slightly disturbed muscular imbalance. He could 
find no definite loss of power as measured with the faradic current. In 
discussing the occurrence of clawfoot in the absence of a history of 
poliomyelitis he said, “There is in none of my cases any history which 
leads me to think of the spinal cord ; on the contrary, the clinical picture 
points to another motor tract, viz., that of the brain.” 

Weakness of the intrinsic muscles of the foot due to paralysis from 
mild unrecognized attacks of poliomyelitis is a favorite theory among 
orthopedic surgeons and has been discussed under intrinsic muscular 
imbalance. 

Since the epidemic of 1931. 3+1 cases of poliomyelitis have been 
followed at the Xew York Orthopaedic Dispensary and Hospital. In 
approximately 40 of these the development of clawfoot was observed, 
occurring after a definite transient paralysis with complete recoven’ of 
power as determined by clinical examination. The latent period of its 
appearance varied from three to twenty-four months. Clawfoot occa- 
sionally developed in feet having definite paralysis at the time. 

DISEASES OF THE CENTRAL NERVOUS SYSTEM 

Deformities of the foot follow a great variety of diseases of the 
nervous system. Typical clawfoot is frequent in Friedreich’s ataxia 
interstitial hypertrophic neuritis of childhood, neuritic muscular atrophv 
( the peroneal types of Charcot-Marie-Tooth). spastic paralvsis. polio- 
myelitis and tumor ot the spinal cord. Kraus (1922) wrote on the 
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HEREDITY 

Claw font is common among the deformities associated with pro- 
Miessive familial diseases of the central nervous system. Friedreich’s 
ntax.a has been traced through several generations by Alpers and 
Waggo.K-r (1929). Plowright (1928) described a family of eleven 
children, live of whom had cerebellar disease, and three of these had 
clawieet. C /aw foot has been observed frequently with spina bifida and 
with congenital syphilis. The “idiopathic” type of the deformity is not 
thought to be inherited. 


TRAUMA AND INFECTION' 

1 cripheral nerve injury and cicatricial contracture produce deformity 
ot the loot, at times with definite cavus. but a typical clawfoot rarely 
develops. Isolated cases have been reported following ischemic paral- 
ysis. cellulitis or abscess of the sole of the foot and plantar “rheu- 
matism. ’ Sometimes Friedreich’s ataxia or another known cause of 
clawfoot is also present in cases in which a history of injury to the foot 
is given. 


EVIDENCE POINTING TOWARD THE CENTRAL NERVOUS SYSTEM 
AS THE SITE OF THE CAUSATIVE LESION 

From the foregoing discussion it will be noted that the known causes 
of clawfoot, with the possible exceptions of trauma and infection, are 
lesions of the central nervous system. In various neurologic conditions 
which frequently produce clawfoot extensive pathologic changes occur 
in the posterior and lateral columns of the spinal cord, especially in the ' 
spinocerebellar tracts and in Clarke’s column. These areas are involved 
regularly in Friedreich’s ataxia and often in neuritic muscular atrophy, 
congenital syphilis, poliomyelitis and interstitial hypertrophic neuritis 
of childhood (Wechsler 1927). Cerebellar disease has been described 
with clawfoot (Plowright 1928). 

The frequent occurrence of clawfoot after poliomyelitis with no 
apparent paralysis of the foot suggests that the causative lesion is in the 
spinal cord and may be similar to that found in the neurologic disorders 
cited. A study of sections of the spinal cord after poliomyelitis shows 
that there is extensive damage in addition to destruction of the cells 
of the anterior horn. It has been reported that death of neurons occurs 
at the bases of the posterior horns and especially in the cells of Clarke s 
column (International Committee for the Study of Infantile Paraysis, 
1932). There is a remarkable proliferation of connective tissue in 
the posterior and lateral columns and degeneration of nerve fibers w the 
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anterior and lateral columns of the white matter. Sections of the 
spinal cords of monkeys with poliomyelitis m the stage of repair repeat 
secondary degeneration in the anterolateral and cerebellar tracts and in 

the posterior columns. ... e v 

The first report of a microscopic examination m a case ot polio- 
myelitis was that of Cornil in 1863 while in Charcot's service. The 
patient had poliomyelitis at the age of 2 years and died of cancer forty - 
seven years later. Cornil found considerable atrophy of the antero- 
lateral” bundles of the cord. Nearly a decade later Charcot (1872) 
commented on the fact that both he and Cornil had completely over- 
looked the lesions in the motor cells. 


Fig. 1. — Section of the spinal cord of a child aged 1 year and 5 months after 
an attack of poliomyelitis. The section is stained for myelin by the del Rio 
Hortega method and shows loss of myelin in the anterior horns and also in the 
anterolateral columns of the white matter (reproduced from: International Com- 
mittee for the Study of Infantile Paralysis: Poliomyelitis, 1932 ). 


A rare ataxic type of poliomyelitis has been described with no 
involvement of the motor nerve cells. The anatomic basis for this 
condition is established by postmortem observation of involvement of 
the cerebellum. Clarke's column and the intervertebral ganglions 
Howe (1919) stated: 

It would appear that the virus of anterior poliomyelitis does not have the 
peculiar affinity for the nerve elements of the cerebellum which it shows for the 
motor cells of the cord, and that the symptoms referable to the cerebellum are 
produced by interference with the function of its connecting nerve tracts and not 
by the destruction of its inherent nerve elements. 
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Hirthci- evidence of altered function of the spinal cord in polio- 
s m Iron lo the paralysis, is probably to be found in the 

' “i! , C "' C " the skin and in the occurrence of 

shot t metatarsal hones (hergnson 1933). These phenomena are not 
directly related to the extent of the paralysis. 

liie function of the cerebellum is not definitely known; however, 
neurologists agree that it is the great synergizing organ of the centra! 
nervous system and that involvement of the spinocerebellar tracts pro- 
duces a lack of coordination in muscular tone by interrupting the 
cerebellar reflex arcs. Patients with poliomyelitis and clawfoot rarely 
show evidence of ataxia, although numerous tests for it have been made. 
During observation of the development of clawfoot in children with 


poliomyelitis it was noted that a definite stiffness occurred with no real 
spasticity before the apjjearance of structural changes. In Friedreich’s 
ataxia altered muscular tone and deformity occur before atrophy is 
demonstrable. 


Loss of synergetic control of muscular tone is suggested as a possible 
explanation for the occurrence of clawfoot. The balance of power of 
muscles acting on the foot is thought to be disturbed so that deformity 
develops through their altered synergetic action in a way similar to 
the production of clawfoot in spastic paralysis of childhood or in 
Friedreich’s ataxia. It is realized that in many cases there is no direct 
evidence of a lesion in the spinal cord and that further investigation 
will be necessary to establish this theory. 


PROGNOSIS 

Clawfoot of marked degree is disabling and distressingly painful. 
There is little definite knowledge concerning its rate of development, 
but it is known to vary markedly. Mills (1924) said that in many 
cases the deformity is not progressive and advocated conservative 
treatment. Jones and Lovett (1929) stated that ordinary paralytic claw- 
foot tends to reach a certain stage and then remain stationary. Obsei- 
vation of cases developing since the epidemic of poliomyelitis in 1931 
corroborate these statements. The deformity was found to develop 
rapidly while the patients were in bed with the feet in plaster boots. 
It appeared often from two to six months after the acute attack. 
Progress in these cases was rapid for from two to three months and 
then became slow. After the primary cause has ceased to act growth 
of the foot apparently influences the progress of clawfoot by the sec- 
ondary changes in the bones, muscles and ligaments, but 3 patients with 
moderate deformity have been observed for over four years during tie 
adolescent period of growth with no increase in the deformity as 
determined by roentgenograms and clinical examination. On the o ier 
hand, in 6 the deformity definitely increased during the same peno . 
They were treated by metatarsal bars and exercises. 
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When associated with diseases of the central nervous systein in 
which nervous disturbances are continuous and progressive, claw toot 
is known to increase steadily until late in adolescence. 

The proper selection of measures to allow reestablishment of 
muscular tone and to correct deformity is necessary for lasting 
improvement. Relief can be assured in nearly every case by well 
planned treatment. 

TREATAIEXT 

The aim in each case should be to relieve symptoms, coriect the 
deformity and prevent recurrence. The trend has been toward more 
radical procedures even in the milder cases, but every foot is an indi- 
vidual problem and must be treated accordingly. No rigid method can 
be stated. However, an outline of treatment based on the degree of 
deformity is suggested. 



Fig. 2. — Structural cavus deformity of moderate degree. The site of resection 
advised is shown by the solid lines. 


Slight Deformity . — In cases of flexible feet with moderate cavus 
which disappears on weight bearing special shoes with a low heel and 
a metatarsal bar should be worn; exercises to increase dorsal flexion 
and flexibility of the foot and stretching of the toes and muscles of 
the calf are recommended. 

Moderate Deformity . — In feet with definite cavus, a loss of flexi- 
bility and hammer toes, lengthening of the calcaneus tendon, trans- 
plantation of the long toe extensor tendons to the cuneiform bones and 
arthrodesis of the interphalangeal joint of the first toe are advocated. 
For a markedly plantar-flexed first metatarsal, transplantation of the 
extensor hnUucis longus tendon to the neck of the first metatarsal and 
lengthening of the peroneus longus tendon are recommended. 

Marked Deformity . — In feet with stiff conspicuous cavus on weight 
bearing and marked hammer toe deformity an anterior tarsal resection. 




ill addition to the measures enumerated, is advised, 
rarely necessary. 


Fasciotomy is 


.S,7v/v Deformity. —In extreme rigid cavus with varus of the heel 
an anterior tarsal resection is sufficient to correct the deformity in 
selected cases. If correction of more than 40 degrees is necessary, a 
subtalar triple arthrodesis is usually a better procedure. It is indicated 
also with marked calcaneal position of the heel and with lateral insta- 
bility of the foot. To correct rigid hammer toes it is necessary to per- 
form an arthrodesis of the proximal interphalangeal joints of the toes 
in addition to transplanting the long toe extensor tendons. At times it 
is necessary to release the contracted ligaments of the joint capsules. 

1 he procedures suggested for a claw'foot of moderate degree are 
recommended for the more severe grades in addition to the correction 



Fig. 3.— Same foot as that shown in figure 2. Anterior tarsal resection has 
been done with correction of the cavus deformity. 


of bony deformity. Forceful wrenching, osteoclasis, etc., are con- 
demned because they produce great trauma and are usually followed 


by early recurrence of deformity. 

In some cases with no equinus deformity correction of the cavus 
condition by tarsal resection relaxes the long toe extensor tendons 


sufficiently to allow the toes to lie flat. 

The treatment of clawfoot due to Friedreich’s ataxia or other pro- 
gressive diseases of the central nervous system should be the same, or 
perhaps more radical, because of its progressive and severe nature. 
The advisability of operating on these patients is questioned by some- 
The advice of several neurologists consulted is that t e P a ien 
kept as active as possible. For this reason it seems worth wM< t o 
perform what operations are at hand to give these persons comfortable 


and stable feet. 
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STUDY OF ONE HUNDRED AND TWO FEET TREATED B\ 

ANTERIOR TARSAL RESECTION 

In order to determine the results in the treatment of clawfoot by 
anterior tarsal resection a study was made of the feet on which the 
operation to correct the cavus deformity was performed between 
March 14. 1927, and Oct. 21, 1931. Prior to this period resection ot 
bone from the midtarsal region was the procedure used at the New \ ork 
Orthopaedic Hospital. 

For an anterior tarsal resection feet were selected in which the 
deformity was considered too great to respond to conservative mea- 
sures or to operation on the soft tissues only. In cavus feet with • 



Fig. 4. — Structural cavus deformity with slight calcaneus position of the heel. 
This roentgenogram was taken with the patient standing. 

varus deformity or lateral imbalance a subtalar triple arthrodesis was 
performed, as it was considered a more suitable procedure. 

.S'lirpirtif Procedure. — A tourniquet was used. A linear incision was made on 
the dorsum of the foot from V z inch (1.27 cm.) below the center of the ankle 
joint to the base of the third metatarsal. The vessels were retracted medially. 
The navicular and cuneiform bones were exposed subperiosteallv, and a wedge- 
shaped resection with the base dorsal was done, including the naviculocuneiform 
joints and continuing through the central portion of the cuboid. Sufficient bone 
was removed to allow complete correction of the cavus deformity. Adduction of 
the foreioot was corrected by widening the resection laterally. The plantar fascia 
rarely needed to be divided. A plaster boot was worn for six weeks, after which 
weight bearing was allowed either with or without plaster support, according to 
the roentpcnographic evidence of union. 

The anterior tarsal resection alone was done on 52 feet, and on 50 others 
additional operations were employed to correct hammer toe and equinus deformities. 
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llic lotiR toe extensor tendons were transplanted to the cuneiform bones in 
, 'y ct hy lhc mct,KKl described by Hibbs in 1919. The tendon of the 
extensor ballncis longns muscle was transplanted into the neck of the first meta- 
tarsal til .1 feet. .An arthrodesis of the iritcrphalangca! joint of the great toe 
was always considered advisable when this tendon was transplanted either alone 
or with the other long toe extensor tendons. If this is not done hyperflexion of 
the interpbalangeal joint is likely to occur and allow pressure areas to develop 
on the prominent knuckle. Usually the other toes do not require this. The 
calcaneus tendon was lengthened in 5 feet during the patient’s period of hospi- 
talization for the anterior tarsal resection. It was lengthened later in 16 as it 
was found to he a valuable procedure. The plantar fascia was seldom found tight 
enough to prevent correction of the cams deformity by the resection. It was 
divided 9 times. The medial scsnmokl hone of the great toe was later removed 
from three feet for persistent pain under the first metatarsal head. In 1 foot the 



Fig. 5. — Same foot as that shown in figure 4. The structural cavus deformity 
has been corrected by an anterior tarsal resection. Notice the unproved relation- 
ship of the calcaneus to the tibia. This roentgenogram was taken with the patient 
standing. 


varus deformity of the heel increased, and a subtalar triple arthrodesis was 
necessary two years later. 

There were 86 patients in this group, including 16 with bilateral deformities, 
making a total of 102 operations to be studied. Forty-one of the patients were 
males and 45 females. The diagnosis was clawfoot of unknown etiology m a 
feet, residual of poliomyelitis in 66, spastic paralysis in 5, and Friedreich s ataxia 
in 2. In some cases the diagnosis was uncertain. The average age at tie time 
of operation was 13.9 years, the youngest patient being 7 years and the oldest M. 
Sixty operations were done on the right foot and 42 on the left. 

An attempt was made to evaluate the symptoms as reported preoperatwe y, 
but since the records were often found to be incomplete and inaccurate no spec a 
Xtel is p.aced o„ this part o. the study. In thd large 
poliomyelitis the opposite lower extremity was often extensile j 
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the attention of both the examiner and the patient was focused on tt. Some 
patients had had operations to correct deformities of the hip or knee which had 
no direct bearing on the clawfoot. Deformity was the most common symptom. 
However, 27 patients definitely complained of pain and 40 of easy fatigue. Tender 
callosities, corns and deformed toes were frequently mentioned. Many complained 
of stiffness, frequent stumbling and akwardness, and their parents mentioned the 
difficulty of finding shoes to fit the patients and spoke of the rapid wear of 
the shoes. 

Definite structural cavus deformity was present in all the feet; it was severe 
in 43. Dorsal flexion was limited to 95 degrees or more in 72 feet. Varus posi- 
tion of the heel from slight to 15 degrees was noted in 33 feet. Ninety-nine of 
the feet were described as having a hammer toe deformity. Callosities and corns 
were distressing in many of them and were noted on examination in o4. The 
musculature was considered normal in 73 feet. Twenty-nine showed muscular 
weakness but no lateral instability. External rotation of the tibia was present 
in 1 case. - > 

In estimating the results of the operation, function, symptoms and correction 
of deformity were carefully studied. The minimum follow-up period was two 
years. The results are grouped as follows: excellent, 28; good, 31; fair, 41, and 
poor, 2. 

The results classified as excellent reveal no cavus deformity; the toes are flat 
in walking ; the feet are flexible ; there is no limp ; there are no tender callosities 
or corns ; dorsal flexion is not limited, and the function is apparently normal, 
with no ache or pain after strenuous exercise or athletics. 

The results classified as good differ from the excellent results only in that 
slight hammer toe persists; nontender corns or callosities are present, or there is 
limited dorsal flexion. 

The results classified as fair show one or more of the following conditions : 
slight stiffness or a nonelastic gait, limited dorsal flexion, residual cavus deformity 
or residual hammer toes. A few patients in this group complain of easy fatigue 
and of an ache after walking more than one-half mile. 

The 2 feet classified as showing poor results are unimproved. One of these 
was unstable laterally, and a subtalar triple arthrodesis was necessary; the other 
is unstable laterally, and a subtalar triple arthrodesis is advised. 

The follow-up examination revealed that in 27 feet the cavus was incom- 
pletely corrected. It was overcorrected in 5, producing flatfoot in 4 cases and 
a rockerfoot deformity in 1. 

Dorsal flexion at the ankle joint was limited to from 95 to 105 degrees in 51 
of the feet at the last examination. 

Twenty of the 33 feet in which there was varus deformity before operation 
still retain some of it. Marked varus of the heel was considered a contra- 
indication for an anterior tarsal resection. However, in feet with marked cavus 
and slight forefoot adduction with a depressed first metatarsal and slight varus 
it was expected that the latter would disappear when the cavus and forefoot 
deformities were corrected. 


Residual hammer toe deformity was found in 35 feet. In some of these the 
toes had remained straight for from six to eighteen months before recurrence 
Callosities and corns were still present in 24 feet. Three patients said that 
he callosities were worse. In 4 feet they disappeared for from one to two 
>tar> and then recurred. 
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to iu more freejueut in the younger ngc groups. 

Ill l.if>lc 2 the results in (lie grout) of patients treated by anterior tarsal resec- 
tion only arc compared with results in those having additional procedures. 

A study of the 28 feet with excellent results shows that correction of equinus 
deformity is often necessary. Six feet in this group did not show limitation of 
dorsal flexion before the operation. In 18 tiie calcaneus tendon was lengthened. 
It is interesting that S of these feet showed muscular weakness. 


I aiii.i: I. Results of Operations for the Correction of Muscular Weakness 



Number 


Results 



of 


A— 


i 

Muffles 

Cases 

Excellent 

Good 

Pair 

Poor 

Normal 

7.2 

20 

24 

29 

0 

Weak 

20 

S 

7 

12 

o 

Anterior tibia) absent 

C 

0 

1 

3 

o 

Anterior tibia! weak 

13 

3 

4 

0 

0 

I. one toe extensors anil flexors weak 


2 

I 

0 

0 

Peroneal weak 

1 

0 

3 

1 

0 

Calf weak 

1 

0 

0 

1 

0 

Flail feet 

o 

3 

0 

X 

0 


Taw.e 2. — Results of Operations in Patients Treated by Anterior Tarsal 
Resection Only and in Those Having Additional Procedures 


Muscles 

Anterior tarsal resection only. 
With additional procedures.... 


Number Results 

of , * > 

Cases Excellent Good Fair Poor 

52 10 12 29 1 

50 IS 19 32 3 


Seventy-four feet had residual deformity or symptoms and could not be classed 
as showing excellent results. All but 2 of these, however, were improved. As a 
result of the follow-up examination it is believed that 51 show equinus deformity 
which should be corrected and that 37 would be benefited by transplantation of the 
long toe extensor tendons. In 9 feet with a plantar-flexed first metatarsal trans- 
plantation of the extensor hallucis longus tendon to the neck of the first metatarsal 
would help. In 7 cases the result probably would have been better had a subtalar 
triple arthrodesis been done because of lateral imbalance in the foot. Five of the 
feet are too flat and 1 has a markedly relaxed ankle joint. 

Observation of these feet leads to the conclusion that symptoms tend to recur 
if equinus deformity remains. Complete correction by lengthening of the cal- 
caneus tendon is urged so that the foot, when slightly inverted and with the knee 
straight, can be easily dorsiflexed to 90 degrees. This is especially important when 
the long toe extensor tendons are transplanted, since it has been found that equinus 
deformity often progresses after this procedure alone. Persistence of callosities 
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under the metatarsal heads and recurrence of hammer toe deformity are usually 
attributable to limited dorsal flexion. Aching feet, stiffness and easy fatigue are 
apparently often due to the same cause. 

In clawfoot of moderate degree better results were often obtained after lengthen- 
ing of the calcaneus tendon and transplantation of the long toe extensor tendons 
than after correction of the cavus deformity alone by tarsal resection in the same 
type of clawfoot. This is thought to be due to the establishment of better balance 
of muscular tone through the temporary inactivity of the calf muscles induced by 
the lengthening of the tendon. 

Rocntgcnographic Observations.— A study was made of the structural deformity 
as revealed by roentgenograms. It was found that in a typical clawfoot of marked 
degree deformity occurs throughout the whole foot and takes place both in the bones 
and in the joints. The angle between the long axes of the talus and calcaneus aver- 
ages 46 degrees, which is 6 degrees more than the average angle in a normal foot. In 
most cases the neck and head of the talus are curved slightly plantarward. The 
navicular is often definitely wedge-shaped with the base dorsad. The cuneiforms 
are similarly wedged about as frequently. Slight dorsal bowing of the metatarsals 
is rare. The first metatarsal is often plantar-fiexed at the first cuneiform-metatarsal 
joint. The degree of cavus deformity was measured on roentgenograms of the 
foot in the weight bearing position, using the angle between the long axes of the 
calcaneus and the first metatarsal. This angle averaged 115 degrees preoperatively 
and 140 degrees after the anterior tarsal resection. Bony union was obtained in 
all but 2 cases ; in these there was a pseudarthrosis between the navicular and first 
cuneiform bones. 

CONCLUSIONS AND SUMMARY 


Clawfoot is a structural deformity involving the entire tarsus and 
metatarsus. Hammer toes and contracture of the plantar fascia are 
thought to be secondary. j 

Weakness of muscles is not the cause of typical clawfoot. 

Evidence is presented suggesting that the etiologic factor is a lesion 
in the spinal cord which disturbs the synergetic control of muscular 
tone. Poliomyelitis may be one of the causes of such a lesion. 

After an attack of poliomyelitis there is often a rapid development 
of clawfoot with subsequent slow progress. Many mild cases of 
deformity can he controlled by conservative measures. 

The methods of treatment, which vary according to the degree of 
deformity, are outlined. 

Correction of equinus deformity by lengthening of the calcaneus 
tendon is strongly advised. 

Correction of the structural cavus by anterior tarsal resection is a 
good procedure. It must frequently be combined with lengthening of 
the calcaneus tendon and transplantation of the long toe extensor 
tendons to the cuneiform bones. 


The results in 102 clawfeet treated by 
a minimum follow-up period of two years 
good, 31 : fair. 41. and poor. 2. 


anterior tarsal resection, with 
. are as follows : excellent, 28 ; 
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MASSIVE INTRAVENOUS INJECTIONS 

AX EXPERIMENTAL STUDY 


HARRY J. WARTHEN, M.D. 

RICHMOND, VA. 


The injection of blood and of various drugs intravenously is one of 
the oldest therapeutic procedures that is used in modern medicine. 


HISTORICAL SKETCH 

The most complete record of intravenous infusions in the preanti- 
septic era is found in Fortescue-Brickdale s 1 exhaustive stud}' published 
thirty years ago. He stated that the earliest recorded transfusion was 
given to Pope Innocent VIII in 1492. The unfortunate outcome to the 
recipient and to the donors discredited the procedure, and more than a 
century elapsed before transfusions were again alluded to. this time by 
de Colle of Padua in 1628. This was a significant date as Harvey’s 
“Exercitatio anatomica de motu cordis et sanguinis” appeared the same 
year, and the intravenous injection of drugs became a rational procedure. 
Probably the first experimental infusions were given in 1656 by Chris- 
topher Wren (then professor of astronomy at Oxford, but later to 
achieve fame as England’s outstanding architect) , who obtained narcosis 
by injecting a solution of opium into the veins of dogs. These experi- 
ments were repeated by Fracassatus of Pisa in 1658. 

Gladstone’s 2 recent translation of Johann Elsholtz’s “Clysmatica 
nova” (Berlin, 1655) indicated that the injection of blood and of various 
medications intravenously was widely practiced at that time. He termed 
this method the “new clyster” and observed : 

If a tankard of vine is poured into a river, the wine together with the water 
flows into the sea; in just the same way, whatever liquid is injected into a vein 
must necessarily reach the heart together with the circulating blood. 

F.lsholtz in 1661 injected water. Spanish wine, opium and other 
drugs into the crural veins of dogs. Finding that these infusions gave 
results similar to those obtained when the drugs were taken by mouth, 
lie injected aquae plantaginis, cardui benedicti and extract of cochleariae 


This study was aided by a grant from the Valentine Research Fund. 

From the surgical departments of the University of Freiburg, Germar.v, and 
the Medical College of Virginia. 

1. Fortescue-Brickdale. J. M.: A Contribution to the Historv of the Intra- 
venous Injection of Drugs, Guy’s Hosp. Rep. 58:15, 1904 

2. Gladstone. F : Clysmatica Nova (1665) by Johann Sigismnnd Elsholtz, 
t aluonua & West. Med. 38:4o2 (June) ; 39:45 (July) ; 119 (Aug.) ; 190 (Sept.) 
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/. C V ° mS ° f , tlu : cc lumian subj'ccts without ill effects. He reviewed 
ie hteta me and cited experiments by Fracassatus of Pisa, Lower of 
Ox I oid, Dionysius of Pans and Moilerius of Denmark in which infu- 
Mons and transfusions were given to animals and human beings. The 
blood oi animals was frequently injected into human subjects, and cures 
were reported in cases of syphilis, epilepsy and intractable fevers after 
the injection of the blood of calves and of sheep. This form of treat- 
ment increased in popularity, and conflicting claims of priority were 
advanced by individual physicians and by groups of physicians. 
Llsholtz attempted to reconcile these differences of opinion in the closing 
passages of his book by stating: 


I.ct the Italians contend with the French about their priority, and the English 
with the Germans; perhaps they all are right since their ideas about the subject 
coincide . . . nevertheless, since this question has been aired seriously here 
and there, it docs not seem to me that I am mistaken, or that I am unjust to anyone, 
if I believe that I first made in suitable quantity and adequate variety the experi- 
ments in simple infusion on which this whole discovery depends and that I then 
first combined these experiments properly, and certainly this is the hinge on which 
the whole affair turns. 


Despite this auspicious beginning and the absence of any mention 
of unfavorable results, many unrecorded fatalities resulted from reac- 
tions and from sepsis. So hazardous was the practice that transfusions 
were forbidden in several European countries and intravenous therapy 
fell into disrepute. 

After a lapse of about one hundred years, a revival of interest in 
intravenous injections commenced at the beginning of the nineteenth 
century, and from 1802 to 1827 a journal devoted entirely to transfu- 
sions and infusions was published in Copenhagen. In 1823 Hale of 
Boston described the injection of a therapeutic dose of castor oil into 
his own circulation with transient but disagreeable effects. Magendie in 
the same year reported temporary benefit in four cases of hydrophobia 
from intravenous injections of 600 cc. of warm water. Hayem in 1855 
injected a 0.6 per cent solution of sodium chloride into the veins of 
patients with cholera. Haford in 1869 reported favorable results, fol- 
lowing the intravenous injection of solutions of ammonia in patients 
bitten by poisonous snakes. The frequent outbreaks of cholera during 
the latter half of the nineteenth century furnished the chief indication 
for intravenous infusions during the period when Pasteur and Listei s 
teachings received their first widespread clinical application. 

The modern story of intravenous infusion dates from 1891, when 
Matas 3 reported seven recoveries in nineteen cases of severe shock and 
hemorrhage following the intravenous administration of from 250 to 


3. Matas R.: A Clinical Report on Intravenous Saline Infusion in the Wards 
of the New Orleans Charity Hospital from June 1888 to June 1891. New r eans 
M. & S. J. 9:1 and 81, 1891-1892. 
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1.500 cc. of isotonic salt solution. He stated that in all cases of circu- 
lator}- failure intravenous infusion of saline solution results in tempo- 
rary restoration and that this benefit is permanent in syncope due to 
simple and uncomplicated hemorrhage. Mayo Robson 4 5 in 1S93 reported 
a case of severe shock followed by recover}- after 2,500 cc. of physio- 
logic solution of sodium chloride was given intrar enousl} . Mummer}, 
in^tlie Hunterian Lectures for 1905, stated that intravenously injected 
saline solution directly combats the fall in blood pressure by diminishing 
the disproportion between the quantity of circulating fluid and the 
capacity of the circulator}- system, and also diminishes the viscosity 
of the blood incident to shock. He recommended the use of from 180 
to 200 cc. an hour until the blood pressure remains at a safe level. 

Because of the danger of overburdening the heart by single large 
intravenous infusions and the difficulty encountered in finding suitable 
veins in patients requiring repeated injections, Friedmann 6 in 1912 
devised an apparatus, somewhat similar to that used in treatments by 
rectal drip, through which physiologic solution of sodium chloride could 
be given intravenously for long periods. A rubber tube connected to a 
funnel and containing a glass dropper, permitting the regulation of the 
flow, led to a glass cannula which was inserted into a superficial vein 
at the bend of the elbow. With this apparatus he was able to inject 
from 3 to 5 liters of physiologic solution of sodium chloride over a 
period of twenty-four hours. The amount of fluid needed and the 
general condition of the patient determined the rapidity with which 
the fluid was given. Friedmann advised this method chiefly in cases of 
dehydration, such as cholera, diarrhea, ileus, carcinoma of the stomach, 
infectious diseases associated with collapse, peritonitis and sepsis. His 
conclusions, based on twenty cases in which the patient was treated by 
this method, were that the heart is not overburdened and sudden rises 
in the blood pressure are avoided, normal kidneys are stimulated to 
increased activity, the method is relatively free from discomfort, and 
the treatment may be continued until the condition of the patient 
improves sufficiently to warrant its discontinuance. 

In 1924 Matas 7 reported a series of cases in which a 5 per cent 
dextrose solution in distilled water was given continuously through a 


4. Robson. M.: Severe Shock Treated by Transfusion or Infusion of Normal 
Saline Solution. Brit. M. J. 1:697, 1893. 

5. Mummery. J- P. L. : The Physiology and Treatment of Surgical Shock 
and Collapse. Lancet 1:696 (March 18) : 776 (March 25) ; 846 (April 1) 1905. 

^10” Tm 3 M UC '’ er intraVCn5se Dauerim 'usion, Munchen. med. Wchn- 

7. Matas. R. : Continued Intravenous •‘Drip.- with Remarks on the Value of 
Continued Gastric Dramage and Irrigation by Nasal Intubation with a Gastro- 
Dundenal Tithe <Juttc> m Surgical Practice. Ann. Surg. 79:643 (May) 1924. 
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Mm-i.!iy drip apparatus and a cannula tied in a vein. Dextrose, which 
■<< brat used prmousiy as a substitute for salt in subcutaneous 
•illusions, was adopted because of its nutritive and stimulating proper- 
ties and because of the danger of the retention of sodium chloride in 
prolonged administration. Matas felt that intestinal obstruction, septic 
peritonitis, disease of the biliary tract with hepatic insufficiency, advanced 
pyloric obstruct ion and surgical lesions of the kidney with threatened 
amnia are especial indications for the intravenous administration of 
dextmse. Me first used this method in 1911 when the usual methods 
loi the administration of fluid had failed. So impressed was he by the 
t.isc ot .idministiation and the marked benefit obtained bv this method 
that he recommended broadening its scope to include the treatment of 
patients who probably would rally under the more commonplace 


measures. 


Dahnedo H in 1928 reported one hundred and fifty cases in which the 
patient was treated with continuous intravenous infusion. He regarded 
this method as an excellent emergency treatment in cases of shock and 
of hemorrhage and recommended its use in cases of peritonitis, of 
dehydrated conditions and of ruptured ectopic pregnane}-, and as a pre- 
operative and postoperative measure in cases of prolonged operation 
on the gastro-intestinal tract. He advocated continuous intravenous 
infusion of physiologic solution of sodium chloride whenever he would 
previously have resorted to subcutaneous infusions. Palmedo warned 
against overburdening the circulatory system with fluids because of 
passible cardiac damage and considered lesions of the kidney, high blood 
pressure, bronchitis and pneumonia as contraindications. 

Warthen 9 reported a case of intestinal obstruction in 1930, follow- 
ing gastro-enterostomy and two subsequent operations with release of 
adhesions and entero-enterostomy in which 54,000 cc. of 5 per cent 
dextrose in physiologic solution of sodium chloride was administeied 
over a period of eighteen days. This solution contained 2,700 Gm. of 
dextrose, or 10,800 calories, and was the only fluid or nutriment taken 
during this time. Autopsy revealed the presence of dense adhesions 
with multiple complete obstructions. There was no evidence of circu- 
latory damage from this prolonged intravenous therapy. Intestinal 
obstruction, generalized peritonitis and toxemia following extensive 
burns were thought to be especial indications foi its use. T us met 10 
wa s invaluable for dehydrated patients when the usual oral, subcu- 
taneous and anal routes of administration were for any reason inade- 
quate to supply the physiologic needs. The author recommende 

~~Tpd^edo: Erfahrungen mit der intravenosen Dauertropfinfusion nacl. 

Friedemaiin, Arch. f. klin. Chir. 153:734, 1928. ^ ^ 

9 Warthen, H. J. : Continued Intravenous Dextrose, Internal. S. & 

(July) 1930. 
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injection of from 125 to 200 cc. of 5 per cent dextrose in physiologic 
solution of sodium chloride per hour for adults, with the additional 
administration of hypertonic salt solution in cases of intestinal obstruc- 
tion to supplement the chlorides in the blood. Dextrose in distilled 
water was given to patients with nephritis or to those who show ed 
evidence of retention of salt. 

Hendon 10 employed the term “venoclysis” to designate this form of 
therapy and recommended the use of 10 per cent dextrose in isotonic 
salt solution administered at the rate of 200 cc. an hour. He found 
this solution of especial value for the vomiting of pregnancy and 
reported a surprising increase in the red blood cell counts of patients 
with pernicious anemia after intravenous infusions. 

Various combinations of chlorides have been used as solvents to 
approximate closely the constituents of normal blood serum. Horsley 
and Horsley 11 in 1931 recommended the use of 5 per cent dextrose in 
Ringer’s solution (0.7 per cent sodium chloride, 0.03 per cent potassium 
chloride, and 0.025 per cent calcium chloride in distilled water). They 
found this solution to he of great value when given intravenously 
during and after extensive operations on the gastro-intestinal tract 
and in cases of intestinal obstruction. It was also of value in duodenal 
hstula when large amounts of fluid were lost, in the vomiting of preg- 
nancy, in diarrhea, in dysentery, in toxic goiter and in hyperthyroidism. 

Melzner 12 in 1931 recommended a more widespread use of intra- 
venous infusions and regarded physiologic solution of sodium chloride 
as the solution of choice. He advised that intravenous injections of 
fluids be made with caution in the presence of myocardial weakness 
and disease of the kidney. 

Hyman and HirshfeldH in 1933, in addition to the usual indica- 
tions for intravenous fluids, recommended from 5 per cent to 10 per 
cent dextrose in physiologic solution of sodium chloride as a vehicle 
for massive intravenous doses of specific antiserums, such as antipneu- 
mococcus serum or tetanus antitoxin, in metabolic and toxic conditions, 
for instance, dehydration in infants, and mercurial poisoning. 

Titus and Lightbody 11 stated that overdosage and underdosage have 
been comm on faults owing to the fact that the actual therapeutic intra- 


10. Hendon, G. A.: Venoclysis, J. A. M. A. 95:1175 (Oct. 18) 1930. 

11. Horsley, J. S., and Horsley. G. W.: Continuous Intravenous Injection of 
Dextrose in Ringer’s Solution, Arch Surg. 22:86 (Jan ) 1931 

m: 1I ““' ■* **""*• 

M.A. S ' : Drip, J, A. 

R Tilns. P.. and Lishtbody, H. D.: Report „( I, , 0 Delern , ine 

’ Tvmmenuc Dose of Dextrose Administered Intravenouslv, Am T Obst & 
Gynec. 1S:2QS (Aug.) 1929. 1 UDSt - & 
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;!:r r f <hxtro!ic ‘ ,,as n0t hecn known - They recommended 
T ' I next tose solution and suggested that 25 Gm. of dextr, 

shouhl b, given ... not less than thirty or thirty-five minutes to an 
;i,kI hn,l(ccI the therapeutic intravenous dose to 75 Gm. 
injected over a period of from ninety to one hundred minutes. They 
telt that less than this amount will not give the maximum therapeutic 
cllcet and more than this is likely to produce a reaction from over- 
stimulation of the insulin-producing activity of the pancreas. Because 
ot this they recommended single intravenous doses of dextrose repeated 
from one to three times daily in preference to prolonged injections, 
and suggested the possibility that “reactions” during injections of dex- 


trose may be due to hypoglycemia from prolonged overdosage of 
dextrose causing an overstimulation of the pancreas. 

batalitics following intravenous infusions have occurred. Clark 15 
reported three cases in which death followed the injection of small 
amounts of 10 per cent dextrose and physiologic solution of sodium 
chloride. I hese fatal cases were characterized by chills, precordial pain, 
cyanosis and death in from two to nine hours after the injection. 
Clark attributed these fatalities to acute cardiac dilatation caused by 
the overburdening of a supposedly normal heart which had been pre- 
viously weakened by nervous, operative or toxic trauma. 

These references indicate the wide range of conditions in which 
intravenous infusions may be employed, the gradual increase in the 
amount of solution that is infused and the present diversity of opinion 
as to the best solution for intravenous use. 

Despite the frequency with which large amounts of dextrose or of 
salt solution of various concentrations are injected intravenously, little 
is known about the changes in the blood caused by the addition of these 
solutions or about the total amount of fluid which can be given by this 
route without embarrassing the circulatory system. This has been due 
in part to the fact that the amount of the solution injected has been 
gradually increased over a period of several decades. Attempts to study 
the changes in the blood chemistry produced by large intravenous 
infusions have also been handicapped because the treatment has been 
used frequently as an emergency measure for acutely ill patients and 
because of the desire to avoid unnecessary venipunctures in patients 
requiring subsequent intravenous treatments. 

In order to avoid these unfavorable circumstances, at the suggestion 
of Dr. Dean Lewis, a study of the changes in the blood chemistry 
following infusions has been made in a series of experimental animals, 
and varying amounts of solution have been injected to determine tie 


15. Clark, J. H. : Acute Cardiac Dilatation: An Ever Present Danger in 
Intravenous Injections, J. A. M. A. 89:21 (July 2 ) 1927 . 
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quantity which can he infused without causing death or untoward 
symptoms. 

It has long been known that animals can tolerate large amounts of 
intravenous fluids. Cohnlreinr and Lichtheim 10 in 18// injected a 0.6 
per cent solution of sodium chloride in dogs and in rabbits in a study 
of experimental edema. The fluid was injected by gravitr piessure 
into the jugular vein until the animal died. They found that a rabbit 
could absorb 46 per cent of its body weight within two hours, and one 
dog with an opened abdomen received fluid which equaled 92 per cent 
of its weight before it died. The rabbits as a rule died earlier than 
the dogs, because of the frequent occurrence of pulmonary edema. 
The dogs rarely showed this complication and usually died of cardiac 
weakness or in convulsions. There was less proportional effect on the 
concentration of the blood with large intravenous infusions than with 
smaller ones. A moderate increase in the arterial pressure was noted 
early in the experiments, followed later by a fall in the pressure as 
the infusions were continued. This may indicate that the total amount 
of fluid given in these experiments was not a true index of the lethal 
dose, as a considerable amount of fluid may have been forced into a 
failing circulation after the animal was obviously moribund. The 
infusions were accompanied by a steady rise in the venous pressure 
which increased in proportion to the amount of fluid injected. 

Two articles of interest on this subject have recently appeared. 
Blalock, Beard and Thuss in 1932 17 injected various fluids into the 
veins of dogs at the rate of 10 cc. per kilogram of body weight per 
hour. The average duration of the infusion was four hours. They 
found that 75 per cent of the fluid passed into the serous cavities and 
tissue spaces. There was no marked alteration in the blood pressure 
as a result of the infusions. 

Miller and Poindexter in 1932 1S injected isotonic sodium chloride 
solution intravenously and subcutaneously in dogs in an attempt to find 
a method of determining a deficit or excess of fluid in the body tissues. 
Although an increase in the volume of circulating blood could not be 
demonstrated by the vital dye method, the average red cell count and 
hemoglobin content were decreased more than 20 per cent by the intra- 


16. Cohnheim, J„ and Lichtheim, L.: Leber Hydramie und hvdramisches 
Oedem, Virchows Arch. f. path. Anat. 69:106, 1877. 

17. Blalock. A.; Beard. J. \V„ and Thuss, C.: Intravenous Injections: A 
Study of the Effects on the Composition of the Blood of the Injection of Various 

11:267 "(MarchT 1932' ^ L °"' B ’°° d Pressures - J- Clin. Investigation 

18. Miller. T R and Poindexter. C. A.: The Effects Observed Following the 
Intravenous and Subcutaneous Administration of Fluid; An Experimental 

on Dogs. T. I .ah. S; Clin. Med. 18:287 (Dec.) 1932 
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vi* no us m fusions. The total proteins in the blood were decreased the 
v:,rvm K fr,„„ 20 („ 52 per com will, the various injections 
. U, . hms wno un:ihle to l,,Kl ;,1, y index which might serve as a warn- 
ing against overhydration of tissues, hut they stated that the hematocrit 
is the simplest test for determining the dilution of the blood following 
tlie postoperative administration of fluids. 


experiments 

I wenty-mie (lugs received forty intravenous infusions. Ten infusions were 
given of each the four most frequently used solutions, namely 0.7 per cent 

sodium chloride, 5 per cent dextrose, hypertonic sodium chloride (1.5 per cent and 
2 per cent) and 10 per cent dextrose. Twenty-eight infusions were given to ten 
flogs in the surgical clinic of the University of Freiburg. 1 '’ Owing to the difficulty 
encountered in obtaining the larger experimental animals in Germany, it was 
necessary to give several infusions to the same dog. The largest number of intra- 
venous infusions was given to dog 6. This dog received seven injections during 
a period of three months. Sufficient time was permitted to elapse between each 
two infusions to allow the dog to recover from the effects of the last injection. p 
Determinations of the blood pressure could not be made in this first series of 
twenty-eight experiments as the procedure necessitated the ligation of the femoral 
artery with circulatory changes in the involved extremity. Owing to the difficulty 
of restraining unancsthetizcd animals for long periods of time, single massive 
infusions were given in the space of a few minutes rather than prolonged continuous 
infusions. Healthy dogs were used in these experiments, but no attempt was made 
to obtain young animals. 

The experiments were performed in the following manner: The weight of the 
dog was recorded and a preoperative dose'of morphine (10 to 20 mg. per kilogram 
of body weight) was given. The majority of the experiments were performed 
under local anesthesia in order to approximate normal conditions as nearly as 
possible. Five animals received ether or diallvl-barbituric acid. An incision was 
made so as to expose the femoral vein. Fifteen cubic centimeters of blood was 
withdrawn for chemical analysis, and a cannula or a needle was inserted in the 
vein through which the solution was infused under gravity pressure. The tem- 
perature of the infused solutions was kept at 100 F. At the conclusion of the 
experiment another sample of blood was withdrawn for chemical determinations. 

In the first few infusions only 1,000 cc. of solution was injected over a period 
of thirty or forty minutes, but this amount was so well tolerated that the infusions 
were gradually increased until on one occasion 2,600 cc. of fluid was given in 
twenty-six minutes. 

Chemical determinations 20 were made of the blood sugar, nonprotein nitrogen 
and chlorides, expressed in milligrams per hundred cubic centimeters of blood, 
before and after each infusion. The resistance of the red blood cells to hemolysis 
by various hypotonic solutions of sodium chloride was also determined in order 

19. Warthen, H. J. : Ueber intravenose Infusion in grossen Mengen; erne 
experimentelle Studie, Beitr. z. klin. Chir. 159:51 (Jan.) 1934. 

20. The nonprotein nitrogen was determined by the Folin and Wu method. 

The blood sugar was determined by a modification of the Folin and Wu met hoc . 

The blood chlorides were determined by the Whitehorn method. The blood cli 
rides are expressed as sodium chloride throughout this paper. 
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to note anv change that occurred following large infusions. The pulse rate was 
observed, svmptoms were noted and the condition of the dog at the conclusion of 
the experiment was recorded. Determinations of blood pressure were made during 
twelve infusions. In order to have a standard for comparison, the amount of fluid 
infused into each dog was calculated in cubic centimeters per kilogram of body 
weight. 

In each of tables 1 to 4 the first seven experiments recorded were performed 
in Germany and the last three experiments were performed in this country. In 
order to facilitate a comparison of these two subgroups the average values are 
given separately in each table. At the bottom of each column a final average is 
given which includes all of the experiments in the table. Unless otherwise speci- 
fied, all references to average values refer to the final average. 

Scries 1 ( Infusion of 0.7 Per Cent Sodium Chloride Solution). — Six dogs 
received ten infusions of 0.7 per cent sodium chloride solution in amounts varying 
from 65 to 175 cc. per kilogram of body weight. The average amount injected 
was 106 cc. per kilogram of body weight. The average duration of the infusions 
was thirty minutes. 

The average nonprotein nitrogen content of the blood before the infusions was 
23.2 mg. per hundred cubic centimeters ; after the infusions it was 18.9 mg., showing 
a decrease of 4.3 mg. The average blood sugar value before the infusion was 
128 mg. per hundred cubic centimeters ; after the infusions it was 147 mg., showing 
an increase of 19 mg. The average blood chloride content rose from 633 mg. per 
hundred cubic centimeters to 709 mg., showing an increase of 76 mg. The resis- 
tance test showed a very' slight increase in the fragility of the red blood cells 
following the infusions. Hemolysis began with a concentration of sodium chloride 
of 0.42 per cent and was complete with a concentration of 0.32 per cent before the 
infusions, and began with a 0.43 per cent concentration and was complete with 
a 0.33 per cent concentration after the infusions. 

Two dogs in this series voided before the end of the infusion. The pulse rate, 
which was usually slow at the beginning of the injections as a result of the 
morphine, increased during the injections, gradually returning to normal after the 
conclusion of the infusions. No reactions occurred, and the condition of all of 
the dogs was satisfactory at the conclusion of the experiments. No deaths resulted 
from the infusions. 


Series 2 (Infusion of 5 Per Cent Dextrose Solution). — Eight dogs received ten 
infusions of 5 per cent dextrose solution in amounts varying from 71 to 210 cc. 
per kilogram of body weight. The average amount injected was 134 cc. per kilo- 
gram of body weight. The average duration of the infusions was twenty-four 
minutes. 


The average nonprotein nitrogen content of the blood before the infusions was 
29.7 mg. per hundred cubic centimeters; after the infusions it was 22.5 mg., showing 
a reduction of 7.2 mg. The average blood sugar value before the infusions was 
1-4 mg. per hundred cubic centimeters; after the infusions it was 454 mg, showing 
an increase of o30 mg. The average blood chloride content diminished from 643 
mg. per hundred cubic centimeters to 612 mg, showing a decrease of 31 mg The 
resistance test showed a slight increase in the resistance of the red blood "cells to 
hemolysts to, lowing the infusions. Hemolysis began with a concentration of 
Mxhum chloride of 0.4., per cent and was complete with a concentration of 0.33 per 

cmLicT'V, ”nT nS a " d bCg3n with 3 °' 44 I> er cent concentration and was 
niplcte with a O.o2 per cent concentration after the infusions. 






[ Hen It'xfc for I'oiiUmmtlon of Infusion In experiment 10. 
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I,m Uf tUc ^nmcuts. No deaths resulted from the infusions. (See IZw 
" r a n '» nrl contnwation of infusion in experiment 19.) 

" VnV 7 ( f "fusion of Jj Per Cot and 2 Per Cot Sodium Chloride Solution) 
Seven dogs received eight infusions of a 2 per cent sodium chloride solution and 
2° t,0RS „ rcCCIVl ‘ d a l-a P<-'r cent solution. The results will he considered together. 

he smallest amount of solution infused was 60 cc. per kilogram of body weight, 
the largest was 1S2 cc. and the average was 112 cc. The average duration of the 
mtusions was twenty-three minutes. 


, I l,c :ivcr age nonprotein nitrogen content of the blood before the infusions was 
23 mg. per hundred cubic centimeters; after the infusions it was 22.8 mg., showing 
a decrease of 0.2 mg. 1 he average blood sugar value before the infusions was 
161 mg. per hundred cubic centimeters; after the infusions it was 138 mg., showing 
a decrease of 23 tug. The average blood chloride content rose from 575 mg. per 
hundred ccthic centimeters to 731 mg., showing an increase of 156 mg. The resis- 
tance test showed practically no change as a result of the infusions; hemolysis 
began with a concentration of sodium chloride of 0.44 per cent and was complete 
with a concentration of 0.34 per cent before the infusions and began with a 0.44 
per cent concentration and was complete with a 0.33 per cent concentration after 
the infusions. 

No dog in this series voided before the end of the infusions. The increase in 
the pulse rate during the infusions was not so marked as was noted during the 
injections of the other solutions. The dogs in this series showed no reaction to 
the infusions aside from marked borborygmus . during the injection of the solution. 
The condition of all of the dogs was satisfactory at the conclusion of the experi- 
ments, and no deaths resulted from the infusions. 


Scries 4 ( Infusion of 10 Per Cent Dextrose Solution ). — Nine dogs received ten 
infusions of 10 per cent dextrose solution in amounts varying from 57 to 189 cc. 
per kilogram of body weight. The average amount injected was 11S cc. per kilo- 
gram of body weight. The average duration of the infusions was twenty minutes. 

The average nonprotein nitrogen content of the blood before the infusions was 
25.7 mg. per hundred cubic centimeters ; following the infusions it was 25.4 mg., 
showing a reduction of 0.3 mg. The average blood sugar value before the infu- 
sions was 158 mg. per hundred cubic centimeters; after the infusions it was 1,018 
mg., showing an increase of 860 mg. This marked increase was due chiefly to two 
large infusions in which the Mood sugar value rose to 1,670 and 2,500 mg., respec- 
tively. The average blood chloride content diminished from 564 mg. per hundred 
cubic centimeters to 487 mg., showing a decrease of 77 mg. The resistance test 
showed a definite^ increased resistance to hemolysis following the in usions. 
Hemolysis began with a concentration of sodium chloride of 0.45 per cent and was 
complete with a concentration of 0.32 per cent before the infusions and began \ut i 
a 0.42 per cent concentration and was complete with a 0.29 per cent concentration 
after the infusions. Insulin in doses varying from 40 to 200 units was given m 

nine of the ten experiments. „ , . . . _. rafp 

One dog in this series voided before the end of the infusion. : P • 
increased markedly during the infusions in the majority of the cases, but gra m ’ 
returned to normal following the injections. Two dogs made cornu s 
2L during the infusions, end three dog. died s.i.hin .ree ve hours as a result 
of the infusions. (See page 218 for a description of the deaths.) 




f X’ represents 2 per cent proenlne hydrochloride. 
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COMPARISON OF THE SODIUM CHLORIDE VALUES OF THE WHOLE 

BLOOD AND PLASMA 21 

The sodium chloride content o£ the whole blood was determined in 
thirty-eight of the forty experiments and the results of these determi- 
nations are given in tables 1 to 4. The sodium chloride content of the 
plasma was also obtained in eleven of these experiments. A comparison 
of the sodium chloride values is given in table 5. 

Table 5. — A Comparison of the Sodium Chloride I' allies of the IVholc Blood and 

Plasma 


Experi- 

ment 

Xo. 

£ 

10 

IS 

19 

•20 

25 

29 

CO 

ss 

39 

10 


Amount 
Infused 
per Kg. 
of Bodv 
Weight, 


Solution Infused Ce. 

0.7 per cent sodium chloride. . . 133 

0.7 per cent sodium chloride.. . 17G 

3 per cent dextrose 132 

5 per cent dextrose 123 

3 per cent dextrose 129 

2 per cent sodium chloride 115 

2 per cent sodium chloride 1S2 

2 per cent sodium chloride GO 

10 per cent dextrose HI 

10 per cent dextrose 100 

10 per cent dextrose 137 

Average 139 


Sodium Chloride, 

, Mg. per 100 Cc 


Before 


Alter 

K. 


Whole Blood 

■ V 

Plasma 

Whole Blood 

Plasma 

476 

572 

570 

600 

541 

617 

563 

643 

502 

550 

332 

342 

544 

624 

450 

422 

536 

5S7 

404 

421 

GIG 

520 

91S 

902 

454 

400 

S4S 

1,030 

563 

577 

056 

701 

426 

410 

3S0 

5SS 

55G 

517 

366 

351 

434 

519 

322 

344 

512 

0*5 1 

531 

553 


Table 6. — Dilution of the Blood After the Infusions 


Expcri- 


Total 

Amount 

Estimated 

Blood 

Volume 

Duration 

of 

Cell Volume, 
per Cent 

Reduction 

Follow- 

ing 

ment 

No. 

Solution Infused 

Infused, 

Cc. 

of Dog,* 
Cc. 

Infusion, 

Minutes 

, K~ 

Before 

After 

\ Infusion, 
per Cent 

9 

0,7 per cent sodium chloride 

930 

1,590 

SO 

Cl 

41 

33 

10 

0.7 per cent sodium chloride 

2,000 

1,4 SO 

26 

5$ 

44 

24 

IS 

5 per cent dextrose 

2,000 

1,520 

ss 

52 

ns 

27 

19 

£3 per cent dextrose 

1,200 

940 

s 

44 

29 

34 


(Ringer's solution 

2,500 

(See text) 

17 

29 

17 

41 

29 

•I per cent dextrose 

2,200 

1,700 

13 

50 

45 

24 

2$ 

2 per cent sodium chloride.. 

2,000 

2,3S0 

SO 

61 

35 

43 

29 

2 per cent sodium chloride.. 

2,000 

1,100 

36 

50 

30 

40 

00 

2 per cent sodium chloride.. 

900 

1,500 

32 

SS 

32 

16 

CO 

10 per cent dextrose 

2,400 

1,500 

13 

73 

51 

30 

40 

10 per cent dextrose 

2,000 

1,400 

32 

44 

33 

25 


Average 

2,075 

1,417 

26 

52 

36 

32 


* The hlood volume was estimated to be one tenth of the body -weight. 


DILUTION OF THE BLOOD AFTER THE INFUSIONS 

The cell volume 22 expressed in percentage of the total blood volume 
was determined before and after each of ten infusions. 


21. The Wood for the determinations of plasma chlorides was collected under 
. a " d cratmugated as for determinations of carbon dioxide in the plasma \nalv- 
ms was then made as in the determinations of the chlorides of the whole blood. 

— . The cell volume was determined by centrifugating for thirtv minutes equal 
•vnoums ot blood, drawn before and after the infusion, in a graduated centrifuge 
mbc containing an anticoagulant. ° 
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Although this series of experiments is small and the conditions as 

•S t Iv , '"7 miCC,C '' aml "* o' ‘I’C infusions are so 

lc lh ;" onnc!u.s„„,s cannot be drawn, it is noteworthy that the 

" ” r J“ r “ nl chloride solution resulted in' a greater 

clthitirm of the Mood than did the injections of the other solution^ 


IMIAXOK.S IX THE PULSE KATE A XD 


IN' THE BLOOD PRESSURE 


Determinations » of the arterial blood pressure were made during 
twelve intravenous infusions. Three determinations were made with 
each of the four solutions. The pulse rate and blood pressure were 
recorded before, during and. when possible, after the infusion. The 
slower pulse rates and lower blood pressures usually followed the larger 
preoperative doses of morphine. 



Fig. 1 (experiment S, dog 11). — Weight, 2 1.3 Kg.; 1,500 cc. of 0.7 per cent 
sodium chloride solution (153 cc. per kilogram) injected in twenty-five minutes; 
no reactions. 1, taken at start of experiment: blood pressure, 90 systolic and 80 
diastolic; pulse rate, 120. 2, after eight minutes: blood pressure, 96 systolic and 
76 diastolic; pulse rate, 116. 3, after sixteen minutes: blood pressure, 94 systolic 
and 80 diastolic; pulse rate, 120. 4, at end of experiment (twenty-five minutes) : 
blood pressure, 86 systolic and 70 diastolic; pulse rate, 160. In figures 1 to 12 the 
arrows indicate the points at which the intravenous injections were begun and 
discontinued. 

The most frequent change noted in the pulse rate was a marked 
acceleration which appeared as soon as the infusion was begun and 
continued until the conclusion of the injection. This was most notice- 

23. A continuous tracing was obtained by means of a mercury manometer con- 
nected to a cannula inserted in the femoral artery. The tracings give an accurate 
record of the systolic pressure. The diastolic pressure is unusually high in several 
of the tracings, owing to an instrumental error, with a resulting incorrect pulse 
pressure. The respiratory excursion was frequently accentuated; at times it 
simulated that of the pulse pressure. 
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able when the pulse rate was relatively slow at the beginning of the 
injection In experiment 38 the rate increased from 54 to 156 after 
the injection of 144 cc. of 10 per cent dextrose solution per kilogram 
of body weight in twenty minutes. When the initial pulse rate was 
above 100 the increase incident to the infusion was less marked. In only 
one determination (experiment 19) was there a reduction of the pulse 
rate during the infusion. This dog received 128 cc. of 5 per cent dex- 
trose solution per kilogram of body weight in eight minutes with a 
fall in the pulse rate from 130 to 124. Eight minutes later a second 
infusion of Ringer’s solution was begun, and 266 cc. per kilogram of 
body weight was injected in seventeen minutes, with a final pulse rate 
of 120. 

The systolic blood pressure before the infusions varied from 80 to 
150 mm. of mercury. Simultaneously with the beginning of the injec- 



Fig. 2 (experiment 9, dog 12). — Weight, 15.9 Kg.; 950 cc. of 0.7 per cent 
sodium chloride solution (60 cc. per kilogram) injected in thirty minutes; no 
reaction. 1 , taken at start of experiment: blood pressure, 80 systolic and 56 
diastolic; pulse rate, 62. 2 , after ten minutes: blood pressure, 80 systolic and 
60 diastolic; pulse rate, 70. 3 , after twenty minutes: blood pressure, 80 systolic 
and 70 diastolic; pulse rate, 90. 4 , at end of experiment (thirty minutes) : blood 
pressure, 80 systolic. 


tion there usually occurred a definite increase in the blood pressure. 
In the majority of the infusions of 0.7 per cent sodium chloride and of 
5 per cent dextrose solution this initial rise was followed by a fall in 
pressure which continued throughout the remainder of the injection. 
At the conclusion of the infusions of these two solutions, the pressure 
bad returned to a level approximately the same as the preinjection level 
nr slightly lower. The infusion of hypertonic solutions of sodium 
chloride and dextrose resulted in a more sustained initial rise, and the 
pressure following the three infusions of 2 per cent sodium chloride 
solution was definitely higher than before the injection. 

The changes in the venous pressure as a result of the infusions were 
more constant. Each infusion resulted in engorgement of the veins 
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which persisted for several hours. Puncture wounds in the walls of 
the veins hied freely, and it was necessary to ligate the openings in the 
vessels after blood was withdrawn for the second chemical analysis. 
In experiment -10 a determination of the venous pressure was made by 
Dr. J. P. Baker Jr. Following the injection of 137 cc. of 10 per cent 
dextrose solution per kilogram of body weight in twelve minutes, the 
venous pressure rose from 50 to 4S0 mm. of water. The systolic arte- 
rial pressure fell from 150 to 136 mm. of mercury during the infusion. 
Six minutes after the conclusion of the infusion the venous pressure was 
>■'60 mm. of water and the arterial pressure was 1 20 mm. of mercury. 



Fig. 3 (experiment 10, dog IS). — Weight, 14.8 Kg.; 2,600 cc. of 0. per cen 
sodium chloride solution (176 cc. per kilogram) injected in twenty-six minutes, 
no reaction. 1, taken at start of experiment: blood pressure, 140 s) stoic an 
134 diastolic; pulse rate, 124. 2, after nine minutes: blood pressure, 146 systo ic 
and 138 diastolic; pulse rate, ISO. 3, after eighteen minutes: blood pressure, 1 
systolic and 124 diastolic; pulse rate, 200. 4, at end of experiment (twenty six 
minutes) : blood pressure, 130 systolic and 120 diastolic; pulse rate, 200. ' ® even 

minutes later: blood pressure, 116 systolic and 108 diastolic; pulse rate, +• 


RESPONSE TO THE INFUSIONS 

The condition of the majority of the dogs at the conclusion of the 
infusions was satisfactory. All of the animals were obviously larger 
than at the beginning of the experiment, but, aside from a noticea e 
clumsiness due to the sudden increase in weight, most of f)e 
appeared to be unaffected by the infusions. Edema of the su cu an 
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tissues did not appear following any of the infusions. The animals 
voided freely following the injections. A series of dogs were weighed 
twelve hours after receiving the injection, and the weight of each animal 
was found to be less than it had been prior to the infusions. 

In one animal pulmonary edema developed. In experiment 19, dog 
17 received 1,200 cc. of 5 per cent dextrose solution in eight minutes. 
The animal was anesthetized with diallyl-barbituric acid. The condition 
of the dog was satisfactory at the end of the first infusion. After an 
interval of eight minutes an infusion of Ringer’s solution was begun 
in an attempt to determine the amount of fluid which could be injected 
before death supervened. The abdomen gradually became distended. 
This distention increased until respiration became difficult, necessitating 



Fig. 4 (experiment 18, dog 16). — Weight, 15.2 Kg.; 2,000 cc. of 5 per cent 
dextrose solution (132 cc. per kilogram) injected in thirty-eight minutes; no reac- 
tion. 1, taken at start of experiment: blood pressure, 110 systolic; pulse rate, 130- 
2, after twelve minutes; blood pressure, 120 systolic; pulse rate, 116. 3, after 

twenty-six minutes; blood pressure, 100 systolic and 90 diastolic; pulse rate, 150. 
4, at end of experiment (thirty-eight minutes) : blood pressure, 70 systolic and 56 
diastolic; pulse rate, 130. 


an incision of the abdominal wall to permit the escape of a large amount 
of free fluid in the peritoneal cavity. When 2,500 cc. of Ringer’s solu- 
tion had been injected, pulmonary edema developed and the infusion 
was discontinued. In thirty-five minutes 3.700 cc. of fluid, or 394 cc. 
per kilogram of body weight, had been injected. The condition of the 
dog did not change and the pulse rate and blood pressure remained 
relatively constant until the clog was killed fifteen minutes after the end 
tllc ?ccoml hi fusion by the intravenous injection of ether. At autopsv 
tbe peritoneal cavity was found to contain a large amount of thin fluid 
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T !’“ « as,ro - i :f s, "“' filial with fluid and its walls were 

cdcm:" tms. I l K l, mRS were edematous, hut there was no free fluid in 
tile pleural nr pericardial cavities. 

The dogs receiving injections of 5 per cent dextrose and 0.7 per cent 

2 ,K!r mit S0(,inni c,1,oncJc solution were in good condition at the 
end of the infusion and showed no unfavorable late symptoms referable 
to the injection. 


In two animals cerebral edema developed following infusions of 
10 per cent dextrose solution and death resulted within a few hours. 
A third dog which received 10 per cent dextrose solution also died soon 
after the injection. 



Fig. 5 (experiment 19, dog 17). — Weight, 9.4 Kg. Twelve hundred cubic centi- 
meters of 5 per cent dextrose solution (128 cc. per kilogram) was injected in 
eight minutes ; there was no reaction. After an interval of eight minutes, 2,500 cc. 
of Ringer’s solution (266 cc. per kilogram) was injected in seventeen minutes. 
Pulmonary edema developed during the latter injection, and the animal was killed 
fifteen minutes after the end of the second infusion by the intravenous injection of 
ether. The total amount of fluid, 3,700 cc. (394 cc. per kilogram), was injected 
in thirty-five minutes. 1, taken at start of experiment: blood pressure, 116 systolic 
and 106 diastolic ; pulse rate, 130. 2, after four minutes : blood pressure, 124 sys- 
tolic and 104 diastolic; pulse rate, 124. 3, at end of infusion of dextrose solution 
(eight minutes) : blood pressure, 90 systolic and 74 diastolic; pulse rate, 124. 4, 
eight minutes later, at start of infusion of Ringer’s solution : blood pressure, 80 
systolic and 64 diastolic; pulse rate, 110. 5, after eight minutes: blood pressure, 
96 systolic and 80 diastolic; pulse rate, 124. 6, at end of experiment (seventeen 

minutes) : blood pressure, 90 systolic and 74 diastolic; pulse rate, 1 20. 


ANALYSIS OF THE DEATHS 

Three dogs died within twelve hours following the injection. These 
animals received infusions of 10 per cent dextrose solution. 
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In experiment 36, dog 7 received 1,800 cc. of 10 per cent dextrose 
solution (189 cc. per kilogram of body weight) in fifteen minutes. 
Local anesthesia was used. No insulin was given to convert the ISO Gm. 
of dextrose contained in the solution, and the blood sugar value was 



Fig. 6 (experiment 20, dog 21).— Weight, 17 Kg.; 2,200 cc. of 5 per cent dex- 
trose solution (129 cc. per kilogram) injected in thirteen minutes; no reaction. 
1, taken at start of experiment ; blood pressure, 80 systolic and 70 diastolic ; pulse 
rate, 104. 2, after four minutes : blood pressure, 64 systolic and 52 diastolic ; pulse 
rate, 90. 3, after nine minutes: blood pressure, 82 systolic and 70 diastolic; 
pulse rate, 116. 4, at end of experiment (thirteen minutes) : blood pressure, 84 
systolic and 74 diastolic; pulse rate, 104. 5, ten minutes later: blood pressure, 88 
systolic; pulse rate, 128. 



lug. / (experiment 28, dog 13). -Weight, 13.8 Kg.; 2,000 cc. of 2 per cent 
, 0n , r SOlUti ° n (145 . CC - per kil0gram) injected in thirty minutes; no 
diaMolic • , VT f experiment: blood P r «sure, 116 systolic and 96 

-'f ; * r ^ sts z 
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1,6/0 . mgm Jumdred cubic centimeters after tile injection. After the 
injection of 1,500 cc. of solution the dog made slight convulsive move- 
ments winch continued until the end of the injection. At the conclusion 
of the infusion the respirations suddenly became slow and shallow and 
t ie pulse tate increased from SS to 140 per minute. A series of con- 
vulsions followed which continued until the animal died three hours later. 
.At autopsy the stomach was found to be greatly dilated and the lungs 
were edematous. There was marked edema of the walls of the stomach 
and the intestine. A small amount of fluid was present in the peri- 
toneal cavitv. 



Fig. 8 (experiment 29, dog 14). — -Weight, 21 Kg.; 2,000 cc. of 2 per cent 
sodium chloride solution (182 cc. per kilogram) injected in thirty-six minutes; no 
reaction. 1, taken at start of experiment: blood pressure, 112 systolic and SS 
diastolic; pulse rate, 64. 2, after twelve minutes: blood pressure, 136 systolic 

and 128 diastolic; pulse rate, 168. 3, after twenty-four minutes: blood pressure, 
136 systolic and 126 diastolic; pulse rate, 160. 4, at end of experiment (thirty-six 
minutes) : blood pressure, 154 systolic and 144 diastolic; pulse rate, 164. 


In experiment 39, dog 20 received 2,400 cc. of 10 per cent dextrose 
solution (160 cc. per kilogram of body weight) in thirteen minutes. 
The dog was anesthetized with ether. Two hundred units of insulin 
was given to convert the 240 Gm. of dextrose contained in the solution. 
The blood sugar value, which was 240 mg. per hundred cubic centi- 
meters at the beginning of the infusion, rose to 474 mg. at the end of 
the injection. The dog made several convulsive movements during the 
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Fig. 9 (experiment 30, dog 12b). — -Weight, 15 Kg.; 900 cc. of 2 per cent 
sodiom chloride solution (60 cc. per kilogram) injected in thirty- two minutes; no 
reaction. 1, taken at start of experiment: blood pressure, 94 systolic and 76 
diastolic; pulse rate, 50. 2, after sixteen minutes: blood pressure, 114 systolic and 
100 diastolic; pulse rate, 110. 3, at end of experiment (thirty -two minutes) : blood 
pressure, 116 systolic and 100 diastolic; pulse rate, 88. 



Fig. 10 (experiment 38, dog 19).— Weight, 13.9 Kg.; 2,000 cc. of 10 per cent 
dextrose solution (144 cc. per kilogram) injected in twenty minutes; no reaction. 
I. taken at start of experiment: blood pressure, 104 systolic and 7S diastolic; puke 
rate. 54. 2. after ten minutes: blood pressure, 136 systolic and 112 diastolic; puke 
rate, InO ?. at end of experiment (twenty minutes) : blood pressure, 106 systolic 
and *» diastolic ; pulse rate. 136. 4, fifteen minutes later: blood pressure 104 
'\stohe and 88 diastolic; pnlse rate, 142. ’ 
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Fip. 11 (experiment .39, dog 20).— Weight, IS Kg.; 2,400 cc. of 10 per cent 
dextrose solution (160 cc. per kilogram) injected in thirteen minutes; convulsive 
twitching during infusion; death within twelve hours. 1 , taken at start of experi- 
ment: blood pressure, 90 systolic and 74 diastolic; pulse rate, 86. 2 , after six 
minutes: blood pressure, 120 systolic; pulse rate, 134. 3 , at end of experiment 
(thirteen minutes): blood pressure, 92 systolic; pulse rate, 150. 4 , six minutes 
later: blood pressure, 90 systolic; pulse rate, 150. 



Fig. 12 (experiment 40, dog 22). — Weight, 14.6 Kg.; 2,000 cc. of 10 per cent 
dextrose solution (137 cc. per kilogram) injected in twelve minutes; marked 
hemorrhage during experiment; no reaction; death within twelve hours. 1 , taken 
at start of experiment: blood pressure, 150 systolic; pulse rate, 120 ±; venous 
pressure, 5. 2 , after six minutes: blood pressure, 140 systolic; pulse rate, 154; 

venous pressure, 44. 3 , at end of experiment (twelve minutes) : blood pressure, 

136 systolic; pulse rate, 160 ±; venous pressure, 48 +. 4 , six minutes later: 

blood pressure, 120 systolic ; pulse rate, 150 ± ; venous pressure, 56. 
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infusion but appeared in good condition at the conclusion. The animal 
reacted from the anesthetic and vomited a large amount of thm hind. 
Several hours after the infusion the condition of the dog appeared to 
be satisfactory, but death occurred during the following night. 

In experiment 40, dog 22 received 2,000 cc. of 10 per cent dextrose 
solution (137 cc. per kilogram of body weight) in twelve minutes. 
The dog was anesthetized with ether. One hundred and fifty units of 
insulin was given to convert the 200 Gm. of dextrose contained in the 
solution. The blood sugar value rose from 159 to 436 mg. per hundred 
cubic centimeters. The dog lost a larger amount of blood than was 
usual during the infusion as a result of the manipulations incident to 
the determination of the arterial and venous pressure. The systolic 
blood pressure fell from 150 to 120 mm. of mercury during the infusion. 
The general condition of the animal appeared satisfactory several hours 
after the infusion, but death occurred during the following night. 


SUMMARY 

Four series of ten experiments each were made in which twenty-one 
dogs received intravenous infusions of 0.7 per cent sodium chloride, 

5 per cent dextrose, hypertonic sodium chloride and 10 per cent dex- 
trose solutions. 

The amount of fluid injected varied from 57 to 394 cc. per kilogram 
of body weight. The average amount injected for the entire study was 
124 cc. per kilogram of body weight. The average duration of the 
infusions was twenty-four minutes. 

The average nonprotein nitrogen content of the blood diminished 
7.2 mg. per hundred cubic centimeters following the infusions of 5 per 
cent dextrose solution, 4.3 mg. following those of 0.7 per cent sodium 
chloride solution, 0.3 mg. following those of 10 per cent dextrose solu- 
tion and 0.2 mg. following those of hypertonic sodium chloride solution. 

The average blood sugar value increased 19 mg. per hundred cubic 
centimeters following infusions of 0.7 per cent sodium chloride solu- 
tion and diminished 23 mg. following infusions of hypertonic sodium 
chloride solution. The blood sugar value increased markedly following 
infusions of both 5 and 10 per cent dextrose solution. 

The average blood chloride content increased 76 mg. per hundred 
cubic centimeters following infusions of 0.7 per cent sodium chloride 
solut.on and 156 mg. following infusions of hypertonic sodium chloride 
solution. The average blood chloride content diminished 31 nw per 
hundred cubic centimeters following infusions of 5 per cent dextrose 
solut.on and // mg. following infusions of 10 per cent dextrose solution 
The resistance of the red blood cells to hemolvsis was slightly 
increased following infusions of 5 and 10 per cent dextrose solution- 
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the resistance was practically unchanged after infusions of hypertonic 
Malmm chloride solution, and there was a slight increase in fragility 
a iter infusions of 0.7 per cent sodium chloride solution. 

A comparison of the sodium chloride values of the plasma and of 
the whole blood before and after eleven infusions was not remarkable. 
Hie average sodium chloride value of the whole blood before the 
m fusions^ was 512 mg. per hundred cubic centimeters; after the infusions 
it Mas 5.v mg., showing an increase of 25 mg. The average sodium 
chloride value of the plasma before the infusions was 531 mg. per bun- 
dled cubic centimeters ; after the infusions, it was 583 mg., showing am 
increase of 52 mg. „ 

Ten dogs with an average estimated blood volume of 1,417 cc. 
received infusions averaging 2,075 cc. in volume. The average dilution 
of the blood following the infusions was 32 per cent. 

A marked acceleration of the pulse rate occurred during the 
infusions. The rate gradually returned to normal after the conclusion 
of the infusions. 


A definite rise in the arterial pressure was noted at the onset of the 
infusions. This initial rise was usually followed by a fall which con- 
tinued throughout the remainder of the infusion. The secondary fall 
in pressure was less marked following infusions of hypertonic solutions. 
After injections of 2 per cent sodium chloride solution the final blood 
pressure values were higher than at the beginning of the infusions. 
The venous pressure was markedly increased throughout the infusions. 

Pulmonary edema developed in one dog after it had received 394 cc. 
of fluid per kilogram of body weight in thirty-five minutes. 

No dog died following infusions of 0.7 per cent sodium chloride, 

5 per cent dextrose or hypertonic sodium chloride solution. 

Three dogs died (a mortality of 30 per cent) following injections 
of 10 per cent dextrose solution. Two of these animals showed signs 
of cerebral edema; the third lost a large amount of blood during the 
experiment. 

Autopsies on dogs dying after large infusions showed increased 
fluid in the peritoneal cavity and in the gastro-intestinal tract and 
edema of the wall of the stomach and the intestine. No fluid was 
present in the pericardial or pleural cavity. Edema of the lungs uas 
present in two dogs. 

COMMENT 

The first seven experiments recorded in tables 1 to 4, inclusive, 
W ere performed in Germany. The three remaining experiments recorded 
in each of these tables were performed in this country. A comparison 
of the nonprotein nitrogen and of the chloride values of the blood m 
these two groups of dogs should be made. The preinjection nonprotein 
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nitrogen was uniformly lower in the first than in the second group. 
The preinjection blood chloride values were uniformly higher in the 
first than in the second group. These differences were present in each 
of the four series of experiments in this study. 

The changes in the nonprotein nitrogen following the injection of 
the various solutions in these two groups are as sti iking as the 01 iginal 
differences in the nonprotein nitrogen values. In the first group of dogs 
with a low nonprotein nitrogen value at the onset, the injection of 5 per 
cent dextrose solution caused the greatest reduction of the nonprotein 
nitrogen. In the second group of dogs, with a high nonprotein nitrogen 
value at the onset, the injection of 5 per cent dextrose solution caused 
the greatest increase in the nonprotein nitrogen. This reversal of results 
in the two groups also occurred following the injection of 10 per cent 
dextrose solution. In the first group of dogs the injection of hyper- 
tonic sodium chloride solution resulted in a slight increase in the non- 
protein nitrogen. In the second group the injection of hypertonic 
sodium chloride solution resulted in a decrease in the nonprotein 
nitrogen. Following only the injection of 0.7 per cent sodium chloride 
solution were the results in agreement; in both groups the injection of 
0.7 per cent sodium chloride solution resulted in a moderate reduction 
of the nonprotein nitrogen. 

A ready explanation for this striking difference is not apparent. 
A possible explanation is found in the differences in the diet of these 
two groups of dogs. The diet of the German dogs consisted largely of 
carbohydrates with little protein. The experiments in this country were 
performed on dogs accustomed to a diet high in proteins and low in 
carbohydrates. The high protein diet in the second group may explain 
the higher preinjection nonprotein nitrogen values and may have resulted 
in an accumulation of nitrogenous substances in the tissues which 
appeared in the blood following the increased metabolism caused by the 
injections of dextrose. The failure of these nitrogenous substances to 
appear in the blood after the injections of sodium chloride solutions 
may be due in the same manner to the absence of metabolic activity 
alter the infusion of relatively inert solutions. 

The chief difference in the effect of the infusions on the blood 
chloride values in the two groups was noted following the injection of 
hypertonic sodium chloride solutions. In the first group of dogs with 
higher preinjection blood chloride values the infusion of a hypertonic 
Midium chloride solution resulted in a moderate increase in the chloride 
values. In the second group with a lower preinjection blood chloride 
value the mtusion of a hypertonic sodium chloride solution resulted in 
a much greater increase in the blood chloride values. This is in accord 
wuh the cluneal findings in patients with normal and lowered blood 
efilonde values n.llowing the injection of hvpertonic salt solution 
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A larger amount of fluid proportionately was given in each infusion 
than would he injected intravenously into a human subject. If the 
injection of 1,000 ec. of fluid an hour is considered the maximum dose 
for an adult human being weighing 65 Kg., the average amount of 
solution injected in this study was equivalent to S liters of fluid in 
t wenty-live minutes, or twenty times the amount which would be injected 
into <t human subject in a corresponding time. The largest infusion 
given in this series without causing untoward symptoms was equiva- 
lent to 14 liters of fluid for a human being, or about fifty times the 
amount of solution which would be injected in a corresponding time. 
In order to produce pulmonary edema in a dog it was necessary to 
inject the equivalent of 25 liters of fluid for a human being in thirty- 
live minutes. 

While no dog in this study showed evidence of cardiac embarrass- 
ment, it must he remembered that these experiments were performed 
on healthy animals with normal cardiovascular systems. In actual 
practice intravenous fluids are frequently needed by debilitated patients 
with damaged circulatory systems. The purpose of the experiments 
was to determine the margin of safety attending the intravenous injec- 
tion of fluids and the changes in the blood which follow the injection 
of these solutions. The results of these experiments should not be 
interpreted as justifying the injection of larger amounts of fluid than 
are given at the present time. 

^CONCLUSIONS 

1. Large amounts of the usual solutions used for infusions may be 
injected intravenously into dogs without causing death or evidence of 
cardiac embarrassment. Injections of excessive amounts of fluid result 
in cerebral or pulmonary edema. 

2. The most favorable changes in the blood chemistry occur with 
Infusions of isotonic solutions of dextrose and sodium chloride. A a pel 
cent solution of dextrose causes slightly more desirable changes than 
does a 0.7 per cent solution of sodium chloride. Injections of hyper- 
tonic solutions of dextrose and sodium chloride cause distinctly unfavor- 
able changes in the blood chemistry. 

3. The blood sugar value increases following infusions of 0.7 per 
cent sodium chloride solution and decreases following infusions of 
hypertonic sodium chloride solution. 

4. Large infusions of dextrose and of sodium chloride solutions 
■cause little if any change in the fragility of the red blood cells. 

5. There is a marked acceleration of the pulse rate during intia- 
-venous infusions. 



WART HEN— MASSIVE INTRAVENOUS INJECTIONS 


227 


6. The injection of fluids intravenously results in an initial rise in 
the arterial blood pressure. This is followed by a secondary fall to, 
or slightly below, the preinjection level during infusions of isotonic 
solutions. This secondary fall is diminished or absent during infusions 
of hypertonic solutions. 

7. There is a marked increase in the venous pressure during large 
intravenous infusions. 

8. Diuresis is most marked following infusions of 5 per cent dex- 
trose solution. 

9. Edema of the subcutaneous tissues does not occur following the 
rapid injection of large amounts of fluid intravenously. Edema of 
the wall of the stomach and of the intestine associated with fluid in the 
gastro-intestinal tract and in the peritoneal cavity does occur following 
large intravenous infusions. 

10. The intravenous injection of 10 per cent dextrose solution 
results in frequent fatalities in dogs. 

The historical references were obtained from articles by Fortescue-Brickdale 1 
and Gladstone . 2 

Drs. E. Rehn and H. Widenhorn of Freiburg and Drs. I. A. Bigger, J. C. 
Forbes, H. B. Haag and C. M. Kelson of Richmond assisted in this study. 



1 ’R 1 M A R A J SOLA TE D LY M PHOGR A NULOMATOSIS 
OF THE STOMACH 

REPORT OF A CASE 

HARRY X. COMAXDO, M.D. 

NEWARK, X J, 

Reports of cases of primary isolated Hodgkin’s disease of the stom- 
«iei) are sufficiently rare in the literature to warrant the report of another 
ease. Since the time of Billroth. Hodgkin’s disease has been definitely 
placed in the category of medical diseases. The reason that this dis- 
ease has come to he considered nonsurgical is not so much the tech- 
nical surgical difficulties entailed as the unfavorable end-results that 
have iollowed operative treatment. However, Singer, 1 in a splendid 
article in 1931, alter a careful resume of the entire literature, cited 
sufficient evidence to challenge this conception of the disease when the 
pathologic process is limited to the gastro-intestinal tract. In his 
article lie cited the reports of six cases which he had found in the 
literature and added one case of his own. A careful search of the 
literature from 1931 to the present time has failed to disclose any addi- 
tional cases. At this time I should like to report another authentic 
case which fully bears out Singer’s contention as to the operability and 
prognosis in such cases. 


REPORT OF CASE 


History. — Mr. J. S., German, aged 27, was first seen on April 26 1930. For the 
past three years he had had pain in the epigastrium beginning about three or four 
hours after meals. The pain was dull, was not relieved by food and radiated to the 
left side of the chest and to the back. Immediately after eating h is abdomen 
became distended, he belched a great deal, and sometimes vomited. The vomitus 
consisted of food that had been eaten recently and never contained any blood. The 
stools had not been bloody’. His bowels ahvay's moved satisfactorily. His appetite 
and general health and strength were apparently' good. He had lost 15 pounds 
(7.5 Kg.) during the past year. 

Examination . — Physical Examination : The patient was a young man about 
5 feet and 7 inches (170 cm.) in height, weighing 120 pounds (54.4 Kg.). His 
chest, abdomen and extremities were essentially normal. The Wassermann an 
the Kahn test were negative. Examination of the blood showed 4,550,000 erythro 
cytes, SO per cent hemoglobin, 6,500 leukocytes, 60 per cent polymorphonuckars, 


From the Surgical Service of Dr. Harry N. Comando, Newark Beth Israel 

Hospital. . f 

1. Singer, Harry A.: Primary Isolated Lymphogranulomatosis oi mi 

Stomach, Arch. Surg. 22:1001 (June) 1931. 




Fig. 1. — Roentgenogram of the stomach in upright position, showing the char- 
acteristic filling defect in malignant infiltration of the pyloric portion of the 
stomach. The walls of the pylorus are rigid and irregular, and the lumen is 
narrowed. 
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in horizontal position, showing infiltra- 
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37 per cent lymphocytes. 1 per cent eosinophils, 1 per cent basophils and 1 per 
cent endothelial cells. The urine was normal except for a faint trace of albumin. 

Roentgen Examination (Dr. Nathan James Furst) : Examination of the 
gastro-intcstinal tract after the ingestion of a contrast meal showed a medium- 
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Fig. 3. — Hodgkin’s disease (gastric type). Photomicrograph showing lymp 
granuloma of the submucosa; X ISO. 
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tendency to colonic hypermotilitv was also noted. 



Fig. 4. — Hodgkin’s disease (gastric type). Photomicrograph showing exten- 
sive granulomatous invasion of the submucosa; X 250. 


Summary ; The pathologic changes noted were those of an infiltration of the 
distal portion of the pars media and the proximal part of the pyloric portion of the 
stomach. A Wassermann test was advised in order to rule out syphilis before an 
interpretation of the condition as a malignant process was accepted. An increased 
density was noted in the region of the iiver. A small deposit was noted in the 
lower lobe of the left lung. 
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through this area, the wall was seen to he markedly thickened, chiefly because of 
an infiltration iti the subnmeosa. The nniseularis, although it was slightly hyper- 
trophied, did not appear to he involved in the process. The mucosa of the stomach 
was normal in appearance except over the area already described, where definite 
atrophy and absence of rugae were noted. A few ridges, which appeared to be 
infiltrated and were definitely indurated, were seen. There was no evidence of 
ulceration of the mucosa. 

Microscopic Examination: Sections which were taken from the area described 
showed a diffuse infiltration by round cells with dark nuclei which resembled 
lymphoid cells. Under a high power lens many larger cells were seen, some of 
which were niultimicleatcd and resembled typical cells of Reed and Sternberg. The 



Fig. 7.— Roentgenogram made after resection of the pylorus. There is a well 
functioning stoma. 


glands of the mucosa appeared to be normal, and there was no evidence o epi i 
lial neoplasia. The infiltration was confined to the submucosa and mucosa 
did not extend to the muscularis in any of the sections that were stuebe 

Diagnosis: Tbe-diagH asis.JrWis Hodgkin’s lymphogranuloma. 

Postoperative Course .— The patient left the operating room in good cond'tion 
and made an uneventful recovery. On May 26 a more complete roentgenobg.c 
study was made. It showed that there was a well functioning stoni , 
residue after six hours. In the lower lobe of the left lung a smA 1 
was seen, which had the appearance of a calcified g and. Thc p 
charged from the hospital on May 29 feeling perfectly well. In two 
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had gained 25 pounds (11.3 Kg.), had returned to his usual occupation, that of 
a helper on a farm, and was able to eat all kinds of food. A careful follow-up 
has shown no evidence of any recurrence and the patient continues to feel per- 
fectly well. 

CONCLUSIONS 

1. Hodgkin’s disease may originate in the lymphoid tissue of the 
gastro-intestinal tract and remain as a localized tumor for some time. 

2. The diagnosis usually made is that of carcinoma. 

3. Before the days when gastric resection was the operation of 
choice for gastric tumors and for infiltrating gastric ulcers, practically 
no cases similar to this one were reported in the literature. 

4. This type of gastric lesion is a distinct clinical entity, and the 
favorable results which have followed operative treatment in several 
cases more than justify the radical operation. 



CONGENITAL ABSENCE OF PENIS 

ROBERT B. DRURY, M.D. 

AND 

HENRY J-J. SCHWARZELL, M.D. 

COLUMBUS, OHIO 

1 he early literature rarely mentions congenital absence of the penis. 

1 he condition is extremely unusual. We have been able to collect only 
seven genuine cases in a review of the literature after 1700, although 
there are man)’ examples of pseudohermaphrodism, rudimentary penis, 
concealment of the penis behind an abnormal duplicature of skin, hypo- 
spadia and similar abnormalities. 

Saviard s report in 1702, describing “a child without a penis,” is 
interesting: 

I he court surgeon at Sens wrote me during the month of January 1701, that a 
woman of the parish of Saint Pierre le Rond in that city had been delivered a 
short time previously of a child who had no penis, but instead only a small, slightly 
flattened eminence similar to the rump of a hen — above and alongside of which 
there was some fungous flesh the size of a silver crown, and a finger-width thick, 
round and elevated ; and that the umbilicus was not in the middle of the abdomen — 
but above the pubes, very close to this fungous flesh. 

The small eminence had two little perforations through which urine was dis- 
charged. He further stated that when the mother was questioned concerning 
this phenomenon, she answered that it might well be the result of the great desire 
she had during pregnancy to eat a chicken, because having bought one which was 
found to be diseased, she had been very much disappointed at not being able to 
satisfy her appetite. 

Dufour’s patient, aged 43, presented congenital tabes, complete blind- 
ness, slight nystagmus and the following congenital anomalies: a perns 
reduced to the size of the clitoris and surmounted by a stout cap ; a 
fat pad resembling the labium majus on each side of the penis, double 
inguinal hernia, scanty development of hair, bilateral testicular atrophy, 
harelip, cleft palate and abnormal implantation of the teeth with the 
incisors in two parallel rows. Goddard’s patient, born dead, had con- 
genital absence of one leg and of the foreskin of the penis. Atkinson 
reported the case of a man, aged 40, mho was normal with the exception 
of congenital absence of the glans penis. In one instance reported by 
Vance the corpus spongiosum was congenitally absent and was leplaced 
by an unyielding fibrous cord. Erections resembled cbordee. The 3e t 
testis was atrophic, and the right one was smaller than normal. In 
Lemke’s patient, a child 5 months of age. the perns was found beneat i 
the scrotal skin, with the urethra emptying at the lower anterior p or- 
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tion of the scrotum. Green, in 1879, reported the birth of a child in 
whom the penis was absent anteriorly as though amputated by a sharp 
instrument cutting forward and upward from the penoscrotal angle. 

In true congenital absence of the penis the urethra has opened in or 
above the anus or through the perineum. Most often the urine was 
passed just within the anus. Complicating the discharge of urine by 
recturn. excoriation and ulceration developed about the anus in two of 
the adults. One patient anointed himself about the anus to prevent 



Fig. 1.— Total absence of the penis in a bov, aged 13 of 
weight. 


average size and 


irritation. Burning and itching in the rectum were troublesome in the 
adults and these symptoms were accompanied by chills, fever, sweats 
and weakness, apparently due to urinary sepsis. Though the testes 
were normally formed, orchitis occurred in one instance. 

1 wo patients were infants, another was a child' of 7 vears and three 
were adults. One ot the adults (Rauber, 1S90) presented a small 

l, ’ c ” rah ™ opening in the anus: during sexual 
excitement tins became scvollcn. and semen passed into the rectum. 
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Epileptic convulsions were present until the age of 30, and toxic goiter 
developed at the age of 38. In another adult (Goschler, 1859) there 
was an erectile mass on the perineum in front of the anus. Excitement 



pig. 2.— Normally formed scrotum and testis. There was no hernia or hydro- 
cele. The raphe was present anteriorly. 




' , The anterior end of the raphe is indicated 

Fig _ 3 . — Normal perineum and anus. The a 

by the forceps. 

produced b y Mctiou-over 

of semen into the anus. kidney following a simple 
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It will be noticed that in even the seven collected cases of true con- 
genital absence of the penis, additional anomalies complicated the picture 



Fig. 4. — Absence of the raphe from the posterior aspect of the scrotum. 



Pip. 5.— The upper forceps points to a cicatricial mark at the end of the scrotal 
mphe. The raphe is absent between the points indicated by the forceps. 

mien. Thus, erectile tissue occurred on the perineum in one patient 
and inside the anus in another : epilepsy was present in one adult, and 
Xealton's patient (1S54). an infant, had hydrocele on the left side 
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Fig. 6. — Roentgenogram taken sixty minutes after injection of dye intravenously. 
The bladder is outlined in front of the sacral promontory. The ureters are visual- 
ized. The dye has entered the rectum below the bladder. 


suggestive of urinary infection. Urine was voided through the rectum, but the child 
was unable to distinguish the desire to defecate from the call to pass urine. The 
parents observed that, though this boy had three or four bowel movements a daj, 
the stools were often liquid and quite clear. 

On physical examination the boy appeared healthy and normal except for total 
absence of the penis. His physical and mental development and his manner were 
about the same as those of the average boy of his age. The changes of puberty 
had not yet occurred. Close examination of the scrotum and perineum revea erj 
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from the anus onto the perineum. The raphe on the anterior scrotal wal ^termi- 
nated in a small cicatricial mark at the dependent portion of the sac. The an 
was entirely normal, and there were no ulcers or excoriations in this ' 

Proctoscopic examination revealed no trace of a urinary orifice near the anus, 
but urine was seen to trickle along the anterior wall of the rectum. The opening 



Fig. 7. — Roentgenogram taken thirty minutes following the injection of iopax. 
The fusiform sacculation of each ureter is seen opposite the fifth lumbar vertebra. 

was apparently small and hidden in an anterior fold of rectal mucosa. Urography 
after intravenous injection of iopax disclosed the presence of bilateral hydro-ureter, 
most* marked opposite the fifth lumbar vertebra. Each ureter presented a saccula- 
tion at this level. The pelves of the kidney were fairly visible and moderately 
dilated. The bladder outlined by the dye lay opposite the sacro-iliac joints and 
extended upward to the middle of the fifth lumbar vertebra. No urethra could 
be visualized. We advised against ureteral catheterization and cystoscopy because 
of the likelihood of producing urinary infection. 


SUMMARY 

True congenital absence of the penis is extremely rare. In the seven 
cases previously recorded accompanying congenital defects were common. 
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I ' 1 L ' ,ss " c "™ ofl ™ K is probable also that 

! • "'.‘'“T aml '.«ln»wphrosis would bare bee,, frequently observed 

these instances had the present methods of ttrologic investigation been 
' U,U ,l , S<) far as ;vc can determine, this is the first time such a 

!><tt (cnt lias been studied by urography following intravenous injection. 

he case is particularly unusual because examination revealed no other 
external abnormalities. 
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EFFECTS OF LOCAL IMMUNIZATION OX THE DEVEL- 
OPMENT OF EXPERIMENTAL ABSCESSES 
OF THE LUNG 

WILLIAM M. TUTTLE, M.D. 

ST. EOUIS 
AND 

PAUL R. CANNON, M.D. 

CHICAGO 

The development of experimental methods for the production of 
abscesses in the lungs of dogs has contributed materially to the knowl- 
edge of the pathogenesis, complications and treatment of similar infec- 
tions in man, but information as to means of prevention is still lather 
meager. This study deals with the preventive phase of the problem and 
presents data which justify the hope that localized infections of this 
sort can to some extent be prevented, or at least that their ill effects can 
be lessened. 

An adequate understanding of the ways by which the lungs prevent 
or resist the progress of infectious agents within them depends on a 
proper recognition of their structural and functional characteristics 
under both normal and abnormal conditions. The remarkable extent to 
which the lungs of the average city dweller filter out and retain coal dust 
and the infrequency with which such particles are disseminated through 
the blood stream indicate the presence of an unusually efficient barrier 
to the hematogenous distribution of particulate exogenous agents. As 
the progress of inhaled materials must end in the smallest units of pul- 
monary structure, the alveoli, the principal barrier is evidently the 
alveolar wall. This wall consists of reticulum, collagen and capillary 
endothelium and is lined by or contains within it the alveolar macro- 
phages or septal cells. Although the origin of these cells is uncertain, 
pathologic and experimental evidence reveals that they have definite 
phagocytic proclivities while they are attached to the septum or while 
they are free in the alveolar spaces. Particles entering the alveolar 
spaces must therefore necessarily come in contact with many of these 
cells, and the numbers and phagocytic potentialities of the latter will 
determine, to a large extent, the fate of the particles. Experimental 
evidence supports this view. For example, foreign corpuscles 

From the Department of Pathology, the University of Chicago. This work 
was (ione under a grant from the Douglas Smith Foundation for Medical 
Research ot the University of Chicago. 
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(Jinscou : bacteria (Fried s ) and such materials as india ink tryoati 
a„,l ca’-"”,,,. (Sewell, » Foot- Gardner and Smith,- Ung’ Z 
.... ) C " ,n { cctc(1 intratracheally are engulfed primarily by the 

ulmoiury macrophages, and comparatively small amounts directly Inter 
the blood stream. 3 


. , ') ,arncr cfTcct Presumably occurs when living bacteria are 

inhaled, and the well known primary complex in tuberculosis illustrates 
the ability of the lungs to localize the tubercle bacilli of the first infec- 
tion. 1 he earliest stage of the localizing mechanism probably consists in 
the adherence of the bacteria to the wall of the alveolar septum or their 
c.ul} engulf ment bv macrophages or leukocytes within the lungs. 
Although the ultimate fate of the micro-organisms depends on their 
ability to grow within the affected tissues or cells, the essential initial 
conflict is between the invading bacteria and the pulmonary phagocytes. 

i his early local phagocytic reaction suggests that conditions of local 
immunity may modify the extent of exogenous pulmonary infection. 
Several investigators, indeed, have obtained evidence for the existence 
of a local pulmonary immunity. For example, animals immunized intra- 
trachcally with killed diphtheria bacilli have acquired a resistance to 
main’ lethal doses of the homologous living organism subsequently 
introduced intratracheally, although animals used as controls, which 
were subcutaneously immunized, died after similar intratracheal injec- 
tions. Conversely, animals immunized intratracheally were not pro- 
tected against intravenous injections of live diphtheria bacilli 
(Besredka s ). Pfenninger D demonstrated that rabbits may be ten times 
as resistant to the intratracheal injection of living paratyphoid bacilli 


3. Briscoe, J. C. : An Experimental Investigation of the Phagocytic Action 
of the Alveolar Cells of the Lungs, J. Path. & Bact. 12:66 (Jan.) 1908. 

2. Fried, B. M.: The Infection of Rabbits with the Anthrax Bacilli by 
Way of the Trachea, Arch. Path. 10:213 (Aug.) 1930. 

3. Sewell, W. T. : Phagocytic Properties of the Alveolar Cells of the Lungs, 
J. Path. & Bact. 22:40, 1918. 

4. Foot, N. C. : Studies on Endothelial Reactions : Origin of the Pulmonary 
“Dust Cells,” Am. J. Path. 3:413 (Sept.) 3927. 

5. Gardner, L. U„ and Smith, D. T. : Origin of the Alveolar Phagocyte 
Studied in Paraffin Sections of Tissues Stained Supravitally with Neutral Red, 

Am. J. Path. 3:445 (Sept.) 1927. . 

6. Lang, F. J.: Ueber Gewebskulturen der Lunge. Ein Beitrage zur 
tologie des respiratorischen Epithels und zur Histogenese der Alveolarphagocyfen, 

Arch. f. exper. Zellforsch., 2:93, 1926. T s 

7 Fried B M : Defensive and Metabolic Apparatus of the Lungs, 
and die Macrophage System, Arch. Path. *100* (Dec ) 1928; The Ongm of 
the Histiocytes (Macrophages) in the Lungs, ibid. 3:751 (Nov ■> ‘ j nst 

o Besredka A.: Infection and Vaccination by the Trachea, A ■ 

Pasteur 34:361 ’(May) 1920; The Actions of Serums on the Respiratory - - 

ibid. 34:51 (Jan.) 1920. . T . ■ the p ro duc- 

9. Pfenninger, L.: The Importance of the Respiratory Tr 

tfon of Antibodies, Ann. Inst. Pasteur 35:237 (April) 921. 



245 


TUTTLE-CANNON— abscesses of lung 

as to the intravenous injection of approximately equal numbers of the 
same organism. Cecil and Steffen 10 obtained complete immunity to 
pneumococcic pneumonia in monkeys immunized intratracheally with a 
pneumococcus vaccine, although the blood serum failed to protect mice 
against the intraperitoneal injection of small quantities of the culture. 
Similarly, Jones 11 showed that intratracheal immunization of rabbits 
with a killed culture of Bacillus avisepticus protected them against intra- 
tracheal injection of amounts of living culture invariably fatal for normal 
rabbits. An increased pulmonary resistance to pneumococci introduced 
into the lungs of rabbits rendered immune by the previous intra- 
tracheal administration of a heat-killed vaccine of the homologous 
organism has been observed by Stuppy, Cannon and Falk. 1- More 
recently Burt, Tuttle and Cannon 13 have demonstrated that the efficiency 
of the pulmonary barrier can be markedly enhanced by intratracheal 
immunization, as shown by the decreased tendency to invasion of the 
blood stream when virulent pneumococci are introduced intratracheally. 
Coggeshall and Robertson 11 have shown that experimental lobar pneu- 
monia produced in dogs which have recently recovered from pneumonia 
is characterized by resistance to a significantly larger infecting dose than 
the normal animal can withstand and by a decreased tendency to invasion 
of the blood stream. These experiments suggest that the pulmonary 
tissues, when stimulated by local contact with antigen, acquire a greater 
ability to resist and overcome subsequent infections. This does not 
imply, however, that general agencies do not also participate in the 
process. The following experiments were performed in an attempt to 
secure additional information as to the effects of local pulmonary immu- 
nization on the course and development of experimental pulmonarv 
abscesses in the dog. 

METHODS 

Dogs weighing from 12 to 15 Kg. were used. All of the animals were 
isolated in clean kennels for from seven to ten days, and those in which signs 
of distemper developed were discarded. 
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Nmcty-scvcn dogs were used, twenty-two of which were for such preliminary 
’ r V S C IT '"''""" 1 of »»* proper time of rest between vaccination and 

™ Zi"! "’f’r 11 T ber 0/ v “ t5o,,s - Ti,is pa ^ er describes ^ 

tilt, obtained m seventy-five clops, divided into four series as follows: 


Number of 

c . . Animals 

• writs I Intrntrncheally immunized (specific) 33 

.Series 2 I m rat radically immunized (nonspecific) 4 

Series .! .Subcutaneously immunized (specific) 5 

Series 4 Xorma! control animals 33 

Vaccines of Staphylococcus aureus and Bacillus coli were prepared as follows: 
Kolle flasks containing blood agar were inoculated and incubated at 37 C. for 
twenty- four hours, after which the growth was suspended in a sterile 0.85 per 
cent solution of sodium chloride containing 0.3 per cent by volume of a 37 per cent 
solution of lortnaldehyde. This type of vaccine was used because of the 
probability of less dcuaturization of the antigen complex. The vaccine was 
kept in the icebox for from three to four days or until it was sterile; it was 
then centrifugated, and the sediment was resuspended in twice the amount of 
sterile 0.85 per cent solution of sodium chloride. 

In these experiments two bacterial strains were used: (1) a culture of Staph, 
aureus isolated from the clavicle of a boy suffering from multiple foci of osteo- 
myelitis: (2) a culture of B. coli isolated from the kidney of a man acutely 
ill with pyonephrosis. Proper virulence of both cultures was secured by serial 
inoculations into the abdominal wall of dogs until abscesses were regularly pro- 
duced at the site of injection. The virulence of the bacteria was sustained by 
recovering the micro-organisms from the pulmonary abscesses produced in the 
course of the experiments. 

The dogs were narcotized withh morphine sulphate (2 grains [0.13 Gm.J) 
and atropine sulphate ( 3 /fo grain [0.0009 Gm.]) in order to render them quiet 
for the introduction of the bronchoscope. 

The vaccine was sprayed into the main bronchi by means of a special spray 
tube introduced through the bronchoscope. In some of the animals studied early, 
as will be noted in table 1 , the vaccine was diluted, and from 10 to 20 cc. was 
introduced into each main bronchus through a long metal tube. In order to 
avoid the introduction of such large amounts of fluid, the spray method was 
used in the animals studied later. As a rule, two vaccinations were sufficient 
to establish a definitely increased resistance, but in the earlier series four inocu- 
lations were given at intervals of from three to four days. 

The method of Holman, Cutler, Weidlein and Schlueter , 13 for the experimental 
production of pulmonary abscesses had certain disadvantages in this study. ie 
emboli did not contain the same number of organisms; the wall of the vein was 
not absorbed after weeks or even months, and the lead shots, as well as tie 
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threads used to tie the ends, constituted foreign bodies in the tissues. Further- 
more. owing to these foreign bodies, it was impossible to make microscopic sec- 
tions of an abscess with the embolus in situ. 

In a previous paper, one of us 18 described the use of an agar embolus for 
the production of pulmonary abscesses. This method seemed better suited to the 
present experiments and was used throughout. 

The agar emboli, which contained living bacteria, were introduced into the 
external jugular vein as follows The animal was narcotized, and the skin of 
the left side of the neck was shaved, cleansed and painted with iodine. The 
skin and the subcutaneous tissue of the neck were infiltrated with 2 per cent 


Table 1. — Comparison of the Sice of the Abscess Cavity in Aorinal Dogs and in 
Locally Immunized Dogs Ten Days After Embolization 



Micro- 

Route of 

Micro- 

Size of 
Abscess 

Amount 

of 

Number 
ol V ac- 

Time 
of Rest 


Organism in 

Irmnuni- 

Organism in 

Cavity, 

V aeeine. 

cina- 

Period, 

Xo. 

Vaccine 

zation 

Embolus 

Cm.* 

Cc. 

tions 

Days 

1 

Normal 


Staph, aureus 

0.9 




2 

Normal 


Staph, aureus 

1 




3 

Normal 


B. coli 

0.S 




4 

Normal 


B. coli 

1 by 0.5 




5 

Normal 


B. coli 

0.5 




0 

Normal 


B. coli 

1 by 0.5 




7 

Normal 


B. coli 

1 




s 

Normal 


B. coli 

0.7 by 0.5 




9 

Normal 


B. coli 

2 by 3 




10 

Normal 


B. eoli 

0.5 




11 

Normal 


Staph, aureus 

0.S by 0.4 




12 

Normal 


Staph, aureus 

O.S 




13 

Normal 


B. coli 

0.5 




u 

Normal 


B. coli 

0.5 




13 

Staph, aureus 

Intratracheal 

Staph, aureus 

0.5 by 0.3 

40 

3 

41 

16 

Staph, aureus 

Intratracheal 

Staph, aureus 

0 

40 

3 

41 

IT 

Staph, aureus 

Intratracheal 

Staph, aureus 

0 

40 

3 

41 

IS 

Staph, aureus 

Intratracheal 

Staph, aureus 

0 

40 

3 

41 

19 

11. eoli 

Intratracheal 

B. coli 

0.2 

20 

4 

23 

20 

B. coli 

Intratracheal 

B. coli 

0 

20 

4 

23 

21 

B. coli 

Intratracheal 

B. coli 

0 

°0 

4 

23 


B. coli 

Intratracheal 

B. coli 

0.S 

20 

4 

23 

23 

B. eoli 

Intratracheal 

B. coli 

0 

10 

o 

29 

24 

B. coli 

Intratracheal 

B. coli 

0 

10 

o 

29 

25 

B. eoH 

Intratracheal 

B. coli 

0 

10 

9 

29 

20 

B. coli 

Intratracheal 

13. coli 

0 

10 

9 

29 

27 

B. coli 

Intratracheal 

B, coli 

0.1 

10 

9 

29 



B. coli 

Intratracheal 

B. coli 

0 

10 

2 

29 


* The Size ot the abscess cavity was determined by measuring Irom one edge of the caritr 
to the other: if the abscess was round or almost round, only one dimension appears- if the 
was oval, two dimensions are given. 

on adopted to imply that no cavity existed, and that the embolus was touched 

on ail side? t»y the surrounding inflammatory tissue, as shown in figure 4. 


procaine hydrochloride, a small incision was made, and the external jugular vein 
was freed from the subcutaneous fat. The vein was incised, and the embolus 
introduced and washed down with an 0.85 per cent solution of sodium chloride 
alter which the vein was tied above and below the incision and the skin closed 
The animal was killed by electrocution, and the lungs were removed with 
the trachea clamped. The tissues were fixed in Zenker’s solution which did not 
umtam acetic acid and to which a diluted solution of formaldehvde, U S P 

n iQK ,nad c ncutral ‘ had beel * added -‘ they were next embedded in celloidin. 

1«». Tuttle. IV. M.: A Xew Method for the Production of Experimental 
Accesses m the Lungs in Dogs. Pro c. Soc. Exper. Biol. & Med. 30:462 (Jan.) 
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of basophilic mononuclear cells around the blood vessels: X 88. 


KKKKCTS OK AX INTRATRACHEAL INJECTION OK A 

ING FORMALDEHYDE OX THE LUNGS OK NORMAL * 

In order to determine the changes which may occur m 
following the intratracheal administration o < U , q{ r coli 

i/cd by having their lungs sprayed vit •_ One wee k 

MM with formaldehyde 3 cc. into each mam bronchus. U 

-^nSTer, , B„ and W** H, ,0,1c Tec„„l,oc 

W. B. Saunders Company, 1924. 
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later the lungs were sprayed with 4 cc. Eighteen days after this the 
animals were killed, and the lungs examined grossly and microscopically. 

On macroscopic examination the lungs appeared normal. Micro- 
scopic examination showed an essentially normal picture except tor a 
slight thickening of the alveolar walls and the presence in the peri- 
vascular and peribronchial tissues of a collar of basophilic mono- 
nuclear cells. This so-called “mantling (fig. 1) occurred in the lungs 
of all three animals ; it was most marked about the arteries and bronchi 
but present also about the smaller blood vessels. The cells \\ ere large 
mononuclear cells with deeply staining nuclei. Mitotic figures were 
seen frequently, and the cells appeared to be multiplying rapidly in situ. 

The exact significance of the reaction is uncertain, but presumably 
it indicates a mesenchymal activation and mobilization of potentially 
phagocytic cells derived from a local proliferation or a hematogenous 
emigration of mononuclear cells. It furnishes, however, a morphologic 
basis for the assumption that increased numbers of these cells may aid 
in elevating the resistance of the lungs both through their maturation 
into phagocytes and through their presumed ability to participate in the 
formation of antibodies. 


A COMPARISON OF THE REACTIONS OF NORMAL AND IMMUNE 
LUNGS TO THE INTRODUCTION OF AN EMBOLUS INFECTED 
WITH THE HOMOLOGOUS ORGANISM 


Fourteen healthy dogs were immunized as described earlier — four 
with a Staph, aureus vaccine, and ten with a vaccine prepared from 
B. coli. Four of the animals (dogs 15, 16, 17 and 18) were immunized 
at intervals of from three to four days by the introduction through a 
long metal tube on three occasions of 20. 10 and 10 cc., respectively, 
of the original vaccine diluted 1 : 10 with a sterile 0.85 per cent solu- 
tion of sodium chloride. The remaining ten animals received smaller 
amounts of the original B. coli vaccine introduced into the lungs by 
means of the spray apparatus. Four vaccinations with 5 cc. each were 
given dogs 19, 20, 21 and 22, and two vaccinations with 6 and 4 cc.. 
respectively, were given to the remaining six dogs (23 to 28, inclusive). 
From twenty-three to forty-one days after the last immunization, an 
embolus infected with the homologous organism was introduced into 
the external jugular vein. The animals were observed for ten days 
after which they were killed and the lungs examined. Fourteen normal 
dogs were embolized simultaneously with similar emboli and were killed 
ten days later. The summarized details for this group are given in 
table 1. 4 he tollowmg protocols for a normal control animal and one 
mtratracheally immunized illustrate the tvpical observations 


2.— A normal animal was narcotized 
on Oct. f>, 1932, and an embolus intectcd 


with morphine sulphate (2 grains) 
with Staph, aureus was introduced 



’50 


arc] unis or surgery 


into Ila- cxtmial jugular vein. On October 7 the animal appeared to be normal- 
n "" 1 ,hc ,en,h ‘lay, when it was killed by electrocution. 

A ; vn'/ T Autopsy was performed on October 17. Tbe pleural surfaces were 
(i ,:ll ' U '"" U ’- ll,crc m 1,0 adhesions or fluid in tbe pleural cavities 
. lH ’ n,, " amnl ;,ir a,wl m grossly normal except for tbe presence at the 

n.ner marg.n m the left lower lobe of a mass measuring 3 by 5 cm. When 
sectioned, the area consisted of a deeply hemorrhagic pulmonary parenchyma 
containing an abscess cavity 1 cm. in diameter and filled with a thick, yellow pus 
in which the agar embolus was lying free. The wall was composed of necrotic 
material, and no definite pyogenic membrane surrounded the abscess cavity. 

Microscopic Examination.— Sections taken through tbe abscess showed that 


the embolus was missing from the cavity, which was surrounded by a broad 
zone ot polymorphonuclear leukocytes, many of which contained engulfed bacteria, 
although the number of micro-organisms per leukocyte was few. On one side 
were many new blood vessels and young fibroblasts. Farther from the cavity 
were numerous large macrophages containing polymorphonuclear leukocytes and 
occasional bacteria. There was only a slight fibroblastic reaction at the edge oi 
the leukocytic zone, and the contiguous pulmonary tissue showed little evidence 
of mesenchymal mobilization. 


Taiii.k 2. — Comparison of the Sice of the Abscess Cavity in Normal , Locally 
Immunized and Generally Immunized Animals Ten Days After Embolization* 



Micro- 

Itoutc of 

Micro- 

Size of 
Abscess 

Amount 

of 

Number 
of A T ac- 

Time 
of Rest 


Organism In 

Imniunf- 

Organism in 

Cavity, 

Vaccine, 

cinn- 

Period, 

No. 

Vneclne 

zntlon 

Embolus 

Cm. 

Cc.t 

tions 

Days 

If. 

Staph. nureus 

Intrntrncbenl 

Stnpli. nureus 

0.5 by 0.3 

40 

3 

41 . 

1C 

Stnpli. nurcus 

Intrntrachcnl 

Stnpb. nureus 

0 

40 

3 

41 

17 

Stnpb. nureus 

Intrntrncbenl 

Stnpb. aureus 

0 

40 

3 

41 

IS 

Stnpli. nureus 

Intrntrncbenl 

Staph, nureus 

0 

40 

3 

41 

1 

Normal 


Stnpb. nureus 

0.9 




2 

Norm ill 


Stnpb. nurcus 

1 

24 


41 


Stnpb. nureus 

Subcutaneous 

Stnpb. nureus 

0.2 

3 

30 

Stnpb. nureus 

Subcutaneous 

Stnpli. aureus 

O.S 

24 

3 

41 

31 

Stnpb. nureus 

Subcutaneous 

Stnpb. aureus 

0.6 by 0.3 

24 

3 

41 

32 

B. coll 

Subcutaneous 

B. eoli 

0.3 

10 



33 

B. eoli 

Subcutaneous 

B. eoli 

0.7 

10 




* The size of the abscess cavity was determined in the manner indicated in table 3. 
t Tho vaccine given subcutaneously to dogs 29, 30 and 31 was a SO perceot ; solution of the 
original vaccine, whereas that given intratracheally to dogs 15, 16 a ®d 16 was n 10 p ()f 
solution of the original vaccine. The vaccine given dogs 32 and o3 was a 50 per cent .olution 
tho original vaccine. 


Doc 17.— An immune dog was narcotized with morphine sulphate (2 grains) 
and atropine sulphate (Fra grain) on Aug. 18, 1932. Twenty cubic centimeters 
of a suspension of Staph, aureus killed with formaldehyde was instilled into the 
lung through a long metal tube — 10 cc. into each main bronchus. 

Five days later a similar dose of 10 cc. was introduced, and after three days 
another dose of 10 cc. was given. Throughout the next five weeks the animal 

remained well. , 

On October 6 an agar embolus infected with Staph, aureus was 
into the left external jugular vein; the animal was killed ten ays ater. 

Necropsy. — There was a dark red mass m the lower lobe of the left Iu« 
The overlying pleura appeared to be normal. This mass when sectioned, 
sisted of a consolidated area 1.7 cm. m diameter, the oute P jt$ 

a deep red. The inner portion was light "issue No definite 

center the agar embolus tightly surrounded by inflammatory 

cavity caused by an abscess was present. 
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Microscopic Ej'QHiiiiafioH.- — The embolus was in place, and at its outer borders 
the bacterial colonies appeared as dark blue masses, whereas at the center of the 
embolus the colonies had degenerated and were pale pink. The embolus was 
immediately surrounded by a narrow zone of polymorphonuclear leukocytes, red 
blood cells and macrophages. This thin zone was sharply circumscribed by fibro- 
blasts, a few polymorphonuclear leukocytes and many darkly staining mononuclear 
cells. There were comparatively few bacteria outside the embolus, although small 
numbers were occasionally seen within the polymorphonuclear leukocytes and 
macrophages. The blood vessels contained numerous monocytes, and macrophages 
with a foamy cytoplasm and containing remnants of leukocytes were seen in the 
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,, ' , Cr0! ? raph 01 an abscess P resent a normal dog (2) ten 
wi h S t ln ' r0 N CUOn ,m ° the eXternal ^Sular vein of an embolus infected 

th e e S , ■' m T S ' X ° te the brge ’ irregl,kr cavlt y formed bv the abscess and 
extensive inflammatory reaction in the surrounding pulmonary tissues; X 7. 
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.1.0 abscess Hemorrhagic infarction distal to 

trequuith . I„ one annual (dog 9) a large abscess 
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with a necrotic wall and accompanying massive infarction of the entire 
lobe had led to perforation, purulent plcuritis and death on the ninth 
day after embolization. 

The microscopic picture (figs. 2 and 3) indicated an advancing rather 
than a controlled infection. The abscess cavity was surrounded by a 
leukocytic wall varying from 1 to several millimeters in thickness 
through which bacteria, both intracellular and extracellular, were scat- 
tered. Fibroblasts were numerous only in the abscesses which developed 
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Fig. 3 .— Photomicrograph of the wall of the abscess shown ^ o{ fibr0 . 
the predominance of polymorphonuclear leukocytes and 

blasts ; X 815. 


near the larger blood vessels and the bronchi from 

streaming in from the walls of these struc ures ^n Zs seJ occa- 
the mononuclear phagocytes. The mant mg ^ animals, 

sionally, but not to the extent observed in the mumm 

The reactions in the lungs of the immun dogs contr ^ ^ ^ 
with those observed in the normal animal . 7 ^ ^ 27)> 

teen immune animals did Ration > cavity was small. A 

and in two of these (dogs 19 and ) that chronic 

large abscess formed in dog 22. As it has 
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s i ze and chronicitv of abscesses in 
STc£2l V«»), » .i. of -rest that d 0 g 22 

- mounded b y a rather 

*“• £ I””' SLtTrfS fourteen 



Fig, 4. — Photomicrograph ot the abscess about an embolus infected with Staph, 
aureus in a dog (17) previously immunized by the intratracheal injection of a 
vaccine of Staph, aureus killed with formaldehyde. Note the relatively small 
area of pulmonary involvement and the absence of an abscess cavity; X 9. 

nn.. whereas in the fourteen normal control animals it was 0.85 cm. 

In no instance in the immune group did death result from perfora- 
tion with an ensuing pleuritis. 

17. \ an Allen, C. M.: Cole. H.. and Fox. R. A.: The Influence of Cough 
on the Chronicitv of Lung Abscesses. Proc. Soc. Exper. Biol. & Med. 24:485 

vnT. 
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I ho conti. ist between the abscesses in the two groups was as marked 
microscopically as grossly (figs. 4 and 5). In general, in the immunized 
lungs, a narrow zone of polymorphonuclear leukocytes about the 
embolus was surrounded by a wall of young fibroblasts. Organization 
of the exudate was distinctly more advanced than in the normal ani- 
mals : fibroblasts were numerous and tended to encircle the embolus as 
the healing process advanced, i he presence of the fibroblasts appeared 
to be independent ot the existence of large blood vessels or bronchi in 



the fibroblastic reaction; X 815. 


the neighborhood of the embolus, suggesting that they may have arisen 
from macrophages. • • 

nuclear leukocytes and tightly packed mas«s o f ^,a ( ; 1 








Fig. 6. — Photomicrograph showing the intracellular packing of bacteria within 
macrophages in the lung of an immune animal ; X 1.850. 
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' ^ la'tomicrngraph illustrating the perivascular “mantling" in the tis- 

' *• 'nigu. uv t. the ah'Cef' in an intratrachcallv immunized doe- v 
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. o '"ore intensive tocteriotropic action. 

imde r ■ TTf " K -t T 1 V “ SC|S hy (hc lar 8 e l»K°lMc mono- 
^ s was frequently seen in the inflamed tissues at a 

considerable distance from the. embolus or abscess in the immune ani- 
mals. a reaction which was regularly more marked than that which 
occurred in normal control dogs. 
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Fig. 8. — Photomicrograph of an abscess of ten days’ duration in a dog (30) 
subcutaneously immunized with a vaccine of Staph, aureus and subsequently 
infected with an embolus containing the homologous organism. Note the diffuse 
consolidation of the surrounding pulmonary tissues and the relatively large abscess 
cavity ; X 6.3. 


EFFECTS OF LOCAL AND GENERAL IMMUNITY ON THE 
DEVELOPMENT OF PULMONARY ABSCESSES 

Experiments were performed to determine if local pulmonary 
immunization is more effective than general immunization in restricting 
the development and extension of pulmonary abscesses. Five healthy 
dogs were immunized by the subcutaneous injection of a vaccine killed 
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by formaldehyde, prepared as described in the preceding pages. Dogs 
29, 30 and 31 received 8 cc. of a vaccine of Staph, aureus killed by 
formaldehyde on three occasions at intervals of two days ; dogs 32 and 
33 received 6 cc. and 4 cc.. respectively, on two occasions at intervals 
of two days. Normal dogs and dogs immunized intratracheally with 
like amounts of the same vaccine served as controls. After a period 
of rest following the last vaccination, which varied from forty-one to 
forty-five days, emboli infected with the homologous micro-organisms 



»jrc unreduced. The results obtained in this series are shown i„ 
Scc ” trom a " exa mination of this table and figures 8 

=BS=Hs aar 
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immunized animals, and in dogs 30, 31 and 33 the diameters of the 
t a\ it ics almost equalled those in the normal controls; this picture con- 
trasts sharply with the small cavities, or the absence of cavities, in 
the limits of the intratracheally immunized animals. 


COMPARISON OR Tin-; EFFECTS OK 
I-OCAI. IMMUNIZATION ON 
OF PULMONARY" 


SPECIFIC AND NONSPECIFIC 
THE DEVELOPMENT 
AHSCESSES 


-An attempt was made to determine the effects of nonspecific local 
immunization on the development of pulmonary abscesses. Dogs were 
immunized intratracheally with a vaccine of B. coli, and pulmonary 
abscesses were produced later with agar emboli infected with Staph. 


1 Aiu.r. 3 . — C ompiirison of the Size of the Abscess Cavity in Normal Animals and 
in Animals m U'hich Local Immunity JVas Effected Specifically and Non- 
spccifically Ten Days after Embolization 



Micro- 

nmitc of 

Micro- 

Size of 
Abscess 

Amount 

of 

Number 
of Vac- 

Time 
of Rest 


Organism In 

Iinmunl- 

Organism in 

Cavity, 

Vaccine, 

cina- 

Period, 

No. 

Vaccine 

zatlon 

Embolus 

Cm. 

Cc. 

tions 

Days 

31 

li. coli 

Intratracheal 

Staph, aureus 

0.0 by 0.5 

10 

2 

33 

So 

11. coll 

Intratracheal 

Staph, aureus 

1 

10 

2 

33 

30 

15. coli 

Intratracheal 

Staph, aureus 

0.2 

10 

2 

S3 

n»- 

Oi 

II. coll 

Intratracheal 

Staph, aureus 

0.5 

10 

2 

S3 

2G 

B. coll 

Intratracheal 

B. coll 

0 

10 

2 

33 

27 

13. coll 

Intratracheal 

B. coli 

0 

10 

2 

33 

2S 

11. coli 

Intratracheal 

B. coli 

0 

10 

2 

33 

11 

Norinnl 


Staph, aureus 

0.S by 0.4 




12 

Normal 


Staph, aureus 

0.8 




13 

Normal 


B. coli 

0.5 




11 

Normal 


B. coli 

0.5 

*• 

# ■ 



aureus. The summarized proceedings and results are shown in table 3, 
in which it is seen that abscesses with cavities formed in all four of the 
nonspecifically immunized dogs, although in one animal (dog 36) the 
cavity was small. 

The microscopic observations on the abscesses in the nonspecifically 
immunized animals resembled closely those in the normal controls. The 
bacteria tended to permeate the surrounding tissues, even in the case of 
dog 36, which otherwise resembled a specifically immunized animal. 
Phagocytosis, although present about the abscesses, was not marked, and 
the cells failed to take up the large numbers of bacteria, as previously 
described in the cases of specifically immunized dogs. Organization 
of the exudate, as shown by the increased fibroblastic response, was pres 
ent to a marked degree in only one animal (clog 36). whereas in tie 
others its scarcity resembled the inertia of tissues seen in the normal 

control animals. 
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REACTION OF THE IMMUNE AND OF THE NORMAL LUNG TO A 

SEPTIC EMBOLUS IN THE EARLY AND LATE PERIODS 

It was our purpose in this group of experiments to study the lesions 
produced by the introduction of a septic embolus into the pulmonary 
tissues of immune and normal control animals, both in the earl\ stages 
and in the periods after ten days. An embolus infected with B. coli was 
introduced into the pulmonary artery of twelve intratracheally immun- 
ized animals which had received two injections of 6 .and 4 cc., respec- 
tively, of B. coli vaccine at intervals of seven days followed by a rest 
period of twenty-one days and of twelve normal animals, and two of 
the first and two of the second group were killed on the first, second, 
third, fifth and ninth days after the introduction of the embolus. Other 
animals which were immunized intratracheally with the same amounts 
of vaccine and which had had a rest period of the same length as the 
animals in the groups just mentioned were killed with their normal 
controls on the fifteenth, twentieth, twenty-fifth and thirtieth days fol- 
lowing embolization to permit study of the rate of healing at later periods. 
All of the animals were killed by electrocution, as in the previous groups, 
and their lungs were studied grossly and microscopically. 

In the normal animals, one day after embolization, the embolus was 
still within the pulmonary artery, the wall of which was edematous 
and infiltrated with polymorphonuclear leukocytes. The surrounding 
pulmonary tissue was edematous, containing many red blood cells closely 
packed into the contiguous alveoli. Immediately about the artery a 
zone of polymorphonuclear leukocytes was forming, and the alveolar 
walls, when they were preserved, were thickened by a swelling of the 
septal cells. At two days, the wall of the artery was necrotic or rup- 
tured, and polymorphonuclear leukocytes were streaming in toward the 
embolus through breaks in the wall. After the third dav, manv larue 
macrophages began to appear in the area about the embolus, and when 
the embolus had lodged near a large bronchus the tendency toward a 
fibroblastic response was rather marked. From this time to the tenth 
da}-, the process was one of an advancing infection, with the zone about 
the embolus showing evidences of softening and early cavity formation, 
with little tendency toward an active organization of the inflammatorv 
cxudate before the ninth day. 

In the immunized animals the reaction during the first four davs 
was characterized by a larger zone of hemorrhage about the site of the 
embolus: as a result, the embolus was much easier to locate in the 
immunized than in the normal animals. When the hemorrhagic areas 
m the immunized animals were incised, the edema was alwavs more 
intense than in the normal animals. In the later periods (from five to 
nine days 1 the zone of cellular infiltration about the embolus was 
grayish yellow and firmer than in the normal dogs. 
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i luoscopically, the zone of hemorrhage and edema about the 
omhdus in the nnnnmizcd animals was conspicuous, and the greater 
number of swollen septal cells and large foamy macrophages in the 
exudate around the embolus was readily apparent. The polymorpho- 
nuclear leukocytes appeared to be much better preserved, whereas in 
the normal animals leukocytic fragmentation and cellular degeneration 
were generally present and at times marked. Fibroblasts became increas- 
ingly numerous after the fifth day. 

Surprisingly, the large numbers of red blood cells within the alveoli, 
so pi eminent a feature of the early periods, had almost disappeared in 
both the normal and the immunized animals killed on the seventh and 
the ninth day. 

Observations on the animals killed after ten days revealed a con- 
tinuation ot the process seen in the early periods. In general, in the 
immune animals killed on the twentieth and the twenty-fifth day the 
embolus was found to be surrounded by a rather dense wall of fibro- 
blasts, while in the normal animals active inflammation was evidenced 
by many polymorphonuclear leukocytes, small cavities and a fibroblastic 
ingrowth less abundant than that seen in the immune animals. 

It may be said, then, that the response of the lungs of immune ani- 
mals in the early period, in which the reaction was exudative, and in 
the later period, in which it was primarily a reaction of healing, was 
always more marked than that in the lungs of untreated animals. 

COMMENT 

The theoretical bases underlying these experiments justify detailed 
analysis, as the facts tend to substantiate further the validity of the 
original assumption that differing levels of pulmonary resistance may 
be secured by appropriate immunologic devices. 

The anatomic nature of the pulmonary alveoli, with the intimate 
relationship of the air to the blood stream, suggests the presence of a 
barrier permeable to gases and fluids but impermeable to inhaled par- 
ticles. Figure 10 reveals the mechanism of this barrier in the lung of 
a dog into which living staphylococci had been introduced through the 
trachea approximately seventy - five minutes before. The entrapping of 
the bacteria by the septal cells both while they were attached and while 
they were detached, associated with the adherence of bacterial particles 
to the interalveolar reticulum, affords considerable evidence of the 
manner in which particles are prevented from invading the blood stream. 

The further fate of the bacteria is probably closely linked with t lat 
of the septal cells. The coughing up and expulsion of these cells shoii 
eliminate the bacteria within them, but it is improbable that under or i- 
nary conditions a considerable number of septal cells are dispose o 
in this way. Their morphologic resemblance to macrophages ; elsewl 
in the body suggests that they may also participate in the forma 
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antibodies through their digestion of engulfed bacterial particles. Such 
locally formed antibodies should therefore permeate the pulmonary tis- 
sues as well as diffuse into the lymphatics and the blood stream. The 
experiments of Cannon and Sullivan 1S indicate that the concentration 
of locally formed antibodies in tissues may vary considerably, being 
greatest in the tissues into which the antigen is introduced. Under 





Fig. 10.— Photomicrograph of a drawing made with the aia , . 

01 a section from the lung of a normal dog <=eventv-five m ^ n /""T IUC,da 
tracheal introduction of a suspension of stanhvln/ • ’ tes after the lnt ra- 
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wall. ce ot clumps of bacteria to the septal 
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tin- process ol generalized passive immunization. There is no direct 
proof, however, that such local formation of antibodies occurs in the 
hmtp;, although study of this problem is now in progress. Further- 
more, any antigen which passes the primary pulmonary epithelial barrier 
during the course of intratracheal immunization causes development of a 
generalized active immunization concomitantly with the development 
ol a local pulmonary immunity. 

ihe introduction of a foreign protein of particulate nature into the 
lungs stimulates the tissues to cellular proliferation, and the actual 
increase in the number of immature basophilic mesenchymal cells in an 
irritated lung of this sort presumably results from such a stimulus. 
J he later differentiation of these cells into functionally mature macro- 
phages, from the direct proliferation of septal cells in the septal wall, 
Irom the emigration of monocytes from the blood stream into the 
alveolar septum or from the proliferation of undifferentiated cells in 
the adventitia of the blood vessels, provides increased numbers of phago- 
cytic cells for reaction to further injury. This enlarged reservoir of 
phagocytic cells, therefore, by engulfing antigenic par tides and possibly 
by liberating specific antibodies into the pulmonary structures, should 
serve to elevate the level of resistance of the lungs to subsequent infec- 
tion with the homologous living micro-organism. 

What is the most probable effect of an increased concentration of 
antibodies in these tissues? According to Rich , 10 antibodies in tissue 
increase the adhesion of the homologous bacteria to the tissue and to 
one another, thus limiting the extent of their “drift” through the tis- 
sues. In this way infection remains localized and less serious than if 
it was the consequence of a generalized dissemination of the bacteria. 
The experiments of Cannon and Pacheco 20 pointed in the same direc- 
tion and placed a further emphasis on a more efficient bacteriotropic 
action in the facilitation of phagocytosis, thus favoring both the imme- 
diate and the continued localization of the invading bacteria. In what- 
ever manner the bacteria are fixed, it is obvious that in pulmonary 
infection the degree of dissemination in the blood stream will vary 
inversely with the initial ability of the lungs to fix the bacteria effectively 
and with the facility with which the phagocytic septal cells and poly- 
morphonuclear leukocytes engulf and destroy them. 

In our experiments, the lungs are probably at a more marked disa 
vantage than under conditions of natural infection, for whereas in infec 
tion by aspiration the infectious agents come into direct and immediate 
contact with the pulmonary tissue and cellular barriers, this contact is 

19. Rich, A. R. : The Prevention of Spread of Bacteria in the Immune Bod), 

Bull. Johns Hopkins Hosp. 52:203, 1933. r . Illhr 

20. Cannon, P. R., and Pacheco, J. L. : Studies in Tissue-Immum y . 

Reactions of the Skin of the Guinea Pig- as Influenced by Local Active 
ization, Am. J. Path. 6:749, 1930. 
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delayed for twenty-four hours or more when the infection follows 
embolization of a pulmonary artery. During tins period the bacteria 
may grow within the embolus, protected to a large extent against leuko- 
cytic infiltration by the wall of the pulmonary artery. Furthermore, 
embolic obstruction of the artery should seriously disturb the normal 
pulmonary architecture because of the resulting circulatory interference. 
Therefore, locally mobilized phagocytes and a locally increased concen- 
tration of antibodies are of little avail, presumably, until the wall of the 
pulmonary artery has been eroded and direct contact between the bacteria 
and the defensive elements of the body has been established. Further- 
more, chance localization of an infected embolus near the pleural sur- 
face or a large bronchus, especially if the condition is complicated by 
undue coughing, may interfere seriously with defensive reactions which 
under more favorable conditions would be adequate. Consideration of 
these adverse possibilities, therefore, makes the sharp contrast in the 
tissue reactions in these experiments the more remarkable. 

The evaluation of the comparative effects of local versus general 
immunization is also highly important. The possibility of elevating the 
local pulmonary defenses to the point of practically closing a portal of 
entry justifies exploration of these local immunizing procedures. Local 
concentration of antigen within the lungs can best be secured by its 
intratracheal deposition and retention ; this is not possible if the antigen 
is introduced in any other way, i. e., intravenously or subcutaneously, 
as most of it passes through the lungs and eventually localizes in the 
liver and spleen. Thus the principal immunologic benefits to the lungs 
which occur later come indirectly from the presence of protective anti- 
bodies in the blood stream and then in too dilute concentrations to be 
quickly effective in a local infection of the lung. Theoretically, both local 
and general immunization are indicated, but prophylactically, local 
methods deserve greater consideration because of the possibility that 
these immunized tissues may be better able to meet a threat of infec- 
tion quickly and effectively. 

Ihe problem of specificity also deserves consideration. Our experi- 
ments, although few, offer no encouragement to the view that nonspecific 
immunization is as effective as specific measures in elevating the reacting 
capacity of the tissues. Specificity is a principle of immunology which 
has stood the test of time well, and it probably should be given primary 
consideration whenever it is practically possible to do so. 

Ihc presence of antibodies in the lungs of the immunized dogs was 
not determined directly by serologic procedures, but suggested by the 
° bSerVa ! 10, \ S - A ^Prising feature was the ability of 
' 0 ^ ro " 111 the a ? ar emboli in the immune tissues, in which 

the colonies termed and grew, not in the depths of the agar farthest 

;VS, r ° M V ! C POSS,Wc CffCCtS ° f hactcricidal ^bodies, but at the edge 
the embolus nearest to the tissue fluids (fig. 11). I t is obv > 
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therefore, that the killing ellects of these antibodies were not conspicuous 
in vivo. . Xo agglutination of bacteria, as described by Cannon and 
Pacheco in the skin of guinea-pigs locally immunized against staphylo- 
cocci, was observed, i be greater numbers of bacteria within the phago- 
cytes in the immune dogs and their tendency to become packed together 
until the outlines of the cell bodies were no longer discernible suggest 
an enhanced bacteriotropic action in the lungs of the locally immunized 
animals. 


- rj.'* 




•ar.'sfr/r^a 

V 






Fjg. 11 —Photomicrograph of a cross-section of an agar embolus witlur i a 
locally immunized lung. Note the bacterial colonies at the periphery o 
embolus and their absence in the center; X 36. 

The significance of the increased numbers of basophilic mononuclear 
cells forming “collars” around the blood vessels is probably of more 
theoretical than practical importance. If our assumption is conec 
this indicates a mesenchymal activation by which large < ie “ n ^ 
functionally active potential phagocytes become available r ^ 

important whether they arise in situ or by migration of mon } 
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the blood stream. The sharpness of the outer edges of the collars 
and the frequency of mitoses, however, incline us to the view that 
many of these cells arise in situ from the undifferentiated cells of the 
adventitia of the blood vessels and therefore correspond to the adventitial 
cells described by Marchand. It should be added, however, that 
increased numbers of monocytes are present in the lumens of the blood 
vessels, and that these also are probably leaving the blood stream 
constantly. 

SUMMARY AXD COXCLTJSIOXS 

The effects of local, general and nonspecific immunization on the 
course of development of experimental pulmonary abscess in the dog 
were determined. Dogs were immunized subcutaneously and intra- 
tracheally with vaccines of Staph, aureus or B. coli killed with formal- 
dehyde; later, pulmonary abscesses were produced by the introduction 
into the external jugular vein of an agar embolus containing living 
staphylococci or colon bacilli. Ten days later, as a rule, the pulmonary 
abscesses were examined grossly and microscopically as to the size, 
the formation of cavities and the state of healing. The general results 
may be summarized as follows: 

1. Abscesses in intratracheally immunized dogs were, in general, 
smaller, more circumscribed and less subject to the formation of cavities 
than those in normal or subcutaneously immunized animals. 

2. Organization of the inflammatory exudate developed much more 
rapidly in the intratracheally immunized dogs than in the normal or 
the subcutaneously immunized dogs. 

3. The infecting bacteria remained more localized in intratracheallv 
immunized animals and were engulfed in larger numbers by pulmonary 
phagocytes. 

4 -_ Loca l pulmonary immunization was superior to general immuniza- 
tion in facilitating the circumscription and healing of the abscesses 
produced. 

. 5 ‘ S P ecific immunization was more effective than nonspecific immun- 

isation m restricting the development and extension of pulmonarv 
abscesses in the dog. 



EITJTIELIOIUA 


FOLLOWING AVULSION OF THE 
SCALP 


REPORT OF A CASE 


EDWARD L. BURNS, M.D. 

ST. 1.0 CIS 

I wo types of avulsion of the scalp, complete and incomplete, are 
generally recognized. Complete avulsion defines those cases in which 
pail 01 all of the scalp is torn entirely free from its attachments. The 
incompletely avuised scalp is left attached to some part of the head 
by a pedicle. 

At present, complete avulsion is almost always exclusively the result 
of an industrial accident. It occurs chiefly in manufacturing plants 
where rapidly revolving shafts and wheels are used and more partic- 
ularly where such moving parts are inadequately housed. The hair 
becomes caught in the whirling machine, and a sudden force, quickly 
transmitted, removes the scalp. Because of this mode of occurrence 
the accident is limited almost entirely to women. Avulsion of the scalp 
occurs frequently with farm machinery also; a few scalps have been 
lost by burning; in frontier days scalping by Indians was encountered, 
and other isolated and bizarre methods have been reported. 

Usually the scalp separates in the fatty layer of tissue between the 
aponeurosis of the occipitofrontalis muscle and the periosteum of the 
skull, and often the denuded area extends from the eyebrows in front 
to the occiput posteriorly. Cases have been reported in which all the 
periosteum was torn away, and it is common to find small localized 
periosteal defects. 

Such an extensive wound is often unassociated with serious immedi- 
ate complications. Pain, hemorrhage and shock, although sometimes 
severe, seldom lead to death and are often either mild or absent. In 
some instances the patient has been unaware of the accident until placing 
his hands on the denuded head, and it is not uncommon for a patient 
to walk to the physician’s office or to travel a long distance to obtain 
help. 

Later complications often prolong healing and therefore make sea p 
mg a dangerous mishap. Infection occurring at the time of the accident 
may remain limited to the surface of the wound, extend into the bone 

From the Department of Pathology, Washington University School of Medi- 
cine, and Barnes Hospital. 
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to produce osteomyelitis or penetrate the skull along venous channels 
to initiate meningitis or abscess of tire brain. Hemorrhage and pain, 
although absent at first, are often troublesome complications later. 
Exfoliation of the bone usually occurs when there are large periosteal 
defects. If the wound is allowed to epitheliate spontaneously, forma- 
tions of scar tissue produce marked retraction deformities. Most serious 
among the latter is the mild or marked ectropion which may occur in 
cases in which the line of tearing included the et ebrou s or ey elids. 
Later, ulcers are prone to develop in the newly epitheliated or grafted 
areas. Many other unusual complications are reported. 

In treating patients with complete avulsion, it is useless to replace 
the avulsed scalp, since it invariably sloughs away. However, early skin 
grafting in some form prevents later complications from scar tissue 
retractions. Heterogeneous and even homogeneous skin grafts are 
unsuccessful, whereas autoplastic grafting gives satisfactory results. 
Granulations may be secured to cover denuded bone by boring through 
the outer table of the skull. More specific forms of treatment, outlined 
by many authors, are beyond the scope of this article. 

The mortality' from complete avulsion is from 8 to 20 per cent 
according to various authors. Davis, in a thorough review of cases 
reported up to 1911, found eight deaths in eighty-five instances of 
complete scalping. In fifty-three cases reported since that time which 
I have reviewed the mortality was calculated to be 7.5 per cent. How- 
ever, the final result was not given in some of the reports. 

Incomplete avulsion, in contradistinction to the complete form, is 
seldom caused by accidents with rotating machinery. Glancing blows 
on the head, falls, scraping under wheels and other mishaps encountered 
in the general walks of life account for most cases of this kind. 

As might be surmised, the type and extent of the wounds of incom- 
plete avulsion are varied. Occasionally the entire scalp from the eye- 
brows to the occiput may remain attached only to a pedicle anteriorly or 
posteriorly, but more frequently the wound is of smaller extent. 


IV hen the partially avulsed scalp is sutured into place, healing occurs 
rapidly if the pedicle by which the denuded flap is attached carries 
an adequate blood supply. For this reason incomplete scalping is a 
much less serious accident and is seldom followed by the complications 
and difficulties seen after complete avulsion. 

The following report concerns a fatal case of complete scaloinu 

remarkable lor the complications which followed and for their lafe 
appearance. Lir Jate 


KtroRT OF CASE 


1 J ? U.P>k A ' D " * " IUte %VOman ' agCd 34 ‘ ' Vas alined to Barnes Hospital on 
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X r .t Van, 1 f:,c,s wcrc f _ omul ‘-“’IlHT Die family or Die personal history. Her 
present illness began in 190/, twenty-one years previous to admission, when while 
uorh-uiK m underwear factory, her hair was caught on a revolving shaft. The 
scalp was completely avtilscd. 'The two terminal phalanges of a second finger and 
an entire index finger were torn away at the same time. Profuse bleeding and 
shock occurred at the time of the accident, but there was no loss of consciousness. 
Jhe patient stated that there was no fracture of the skull, although she thought 
the hone was injured. No roentgenograms were made. 

Immediately after the accident the avtilscd scalp was sutured in place, but it 
sloughed off in a tew days. During the first eleven days of the two months spent 
in bed, there was high fever. Six months after the casualty, a single unsuccessful 
attempt was made to graft skin, taken from the thigh of the patient’s mother, on 
tiie denuded area, hollowing this operation, the wound was allowed to heal by 
spontaneous epithelintion, a process which required sixteen years for completion. 
It was accomplished in 1923. 


Meanwhile, in 1918, the patient married. In 1924 she became pregnant and 
was successfully delivered of a normal girl. Shortly before the birth of the child, 
a shallow ulcer, about U/z inches (3.8 cm.) in diameter, formed over the vertex 
of the skull. There was little discharge from the area, and it was considered of 
no consequence. Subsequent healing and reappearance of the ulcer occurred, and 
at times the recurrent ulcerations were associated with a discharge of purulent 
material. Otherwise the patient was well until the birth of her second child in 
192S, six months previous to her admission to the hospital. 

Shortly before the delivery of the second child, it was noted that the ulcer 
formed a “hole” about $$ inch (1.9 cm.) deep in the top of the head. Dull and 
constant but rather mild pains occurred in the forehead and temples and some- 
times in the face. The pains increased in severity and sharpness and became 
shooting. At the same time, the purulent discharge increased. On Jan. 11, 1928, 
the patient came to the outpatient department of Washington University and was 
admitted to Barnes Hospital. 


Physical Examination . — Examination revealed an active, alert woman in no 
apparent discomfort, with a good memory and no defects of speech. A foul odor 
was noted. 

A wig was worn, and its removal disclosed a large scar covering the top of the 
head. The margin of the scarred area formed a circle about the calvarium. In 
front it ran diagonally across the forehead from left to right somewhat below the 
hair line. Laterally 7 it crossed each temporal region about 2 inches (5 cm.) abo\e 
the ears, and posteriorly it extended just below the occipital protuberance. On tic 
right side there was an extension of the scar over the zygoma and down onto 
the cheek. A thin rim of hair remained about the sides and back of the hea . 

In the middle of the large scar, at the junction of the parietal and occipital 
bones , was an ulcer measuring 1J4 inches in diameter. The margins of t e u cer 
were composed of granulation tissue which surrounded a base of black, dead- 
looking bone. In the center of the crater the dura was covered with a sma 
amount of granulation tissue and some pus. At this point the ulcer was a o i 


inch (1.2 cm.) deep. . , , ;#c 

The scar over the right eye bad pulled the eyebrow about an inch above its 

normal position and laterally. The vision in both eyes was good. The rig P 
was slightly larger than the left, but both were round and regular ,» ^ 

reacted to light and in accommodation. There was no nystagmus, 
scopic examination revealed normal eyegrounds. 
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A careful svstemic and neurologic examination disclosed nothing of importance. 

\ diagnosis of osteomyelitis of the skull was made. Surgical solution of 
chlorinated soda was applied to the wound, and much of the necrotic bone was 

removed with forceps. _ 

Course. During the first three months of the patient’s stay m the hospital, 

efforts were made to cause spontaneous healing of the ulcer. Surgical solution of 
chlorinated soda and petrolatum and mercurochrome dressings were used to 
combat the infection. Under such treatment the wound improved; in about two 
months it appeared to be fairly clean but showed no tendency to heal. Microscopic 
examination of tissue removed from the margin of the ulcer revealed marked 
proliferation of the epithelium and pearl formation, associated with round cell 
infiltration. The process was considered to be one of chronic infection rather than 
one of malignant character. 

Because infection persisted and the wound tailed to heal, it was decided, three 
months after the patient’s admission, on April 12, to excise the infected area. 
Bone and soft tissue were removed for 1 /z inches about the margin of the ulcer. 
The patient gradually recovered from the operation, and two months later, on 
June 16, the wound was considered in condition for grafting. During this time 
there was occasional headache on the right side which extended down onto the 
right side of the face. 

On June 16 a flap from the left lower portion of the abdomen was attached to 
the left forearm. On November 21 it was raised and transferred to the head. 
A week later infection supervened, and the graft was removed from the head and 
folded on itself on the arm. Attention was again turned to making the wound 
clean. 

Meanwhile, biopsy sections taken from time to time showed marked hyper- 
plasia, apparently due to chronic inflammation. 

On Jan. 24, 1929, the patient had a localized convulsion and fainted. On 
February 10 she fell while going to the bathroom. The following day she grew 
comatose, with the temperature 40 C. (104 F.) and the pulse rate 140 per minute. 
Spinal puncture showed a cloudy fluid. Gram-positive organisms were found in a 
smear from this material, and culture showed hemolytic streptococci. Drainage 
was established by means of a laminectomy. That evening the patient was mori- 
bund. On the following day, February 12, the temperature rose to 41.8 C. 
(107.2 F.) and the breath was gasping. The heart and respiration failed simul- 
taneously, and the patient died. An autopsy was performed two hours after death. 

Autopsy . — On the surface of the body were the scars produced by the plastic 
operation described. The abdominal flap remained attached to the left arm bv a 
pedicle. 

On the head was a large scarred area, the center of which was ulcerated. The 
outer margins of the scar extended from over the right eye to the occipital pro- 
tuberance and laterally to about 2 inches above each ear. Thin skin covered onlv 
the outer portion of the area, while the center was occupied by a large infected 
ulcer which measured about 15 cm. in diameter and covered the top of the cal- 
varium, Its somewhat elevated surface was composed of grayish, swollen foul- 
- idling granulation tissue. Pus covered some regions. From beneath the’ ulcer 
of the feeatta,, parietal aad oceipita, benes had bead so L" 

50ft tissues were compressible from the outside. 

Brain: The infected granulating ulcer was clipped awav and removed rvitb 
brain. It was intimately attached to the dura and over the u V ," * 

tpVtc H tv„ attached to the .ttbMao.e lie, tZ J l 
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A ““"I’" 1 Kra " Ulatifm tisS " C WCrc liardencd in a dilute solution 

i form. Id In «|c before cu Img. Sections made through the frontal lobes showed 

ie m ccled nicer closely adherent to the dura and cortex on the right side. Beneath 
tins area a strip of darkened, softened brain tissue Jed to the cavity of a large 
a iscess which measured about •} by 5 cm. and occupied portions of the right frontal 
and parietal lobes (fig. 1). It was filled with thick purulent material and was 
lined with rough, dark, necrotic-looking tissue. For some distance about the 
a iscess the brain tissue was softened and discolored, and in one area, where the 
cavity lay in close relation to the lateral ventricle, extension of the infection into 
the anterior born had occurred. The ependymal lining was dull, roughened and 
colored with a thin layer of exudate. Sections made through the remainder of 
the brain showed no other lesions. 



Fig. 1. — Section of the brain at the level of the abscess. The covering of 
malignant, infected granulation tissue is shown attached to the upper surface of 
the right cerebral hemisphere. Necrotic brain tissue extends from this point to 
the cavity of the abscess. Distortion of the ventricular system is apparent. 


Viscera: Examination of the abdominal and thoracic viscera revealed few 
changes of importance. There were healed tuberculous foci in the upper lobe o 
the left lung and in the middle lobe of the right lung. The spleen weighed 315 Gm. 


and was dark red, and the pulp was somewhat softened. 

Scalp : Microscopic examination of section 1, taken from the healed border o 
the scarred area, revealed a connective tissue base over which stratified squamous 
epithelium had grown. The epithelium appeared to be normal, but toward the e ge 
of the scar it was thinned to a narrow layer, 1 or 2 cells in thickness. Beyond t us 
area were a few islands of epithelial tissue on the surface of the wound. . No ew 
dence of malignant transformation was found in this section. The connective tissue 
beneath the epithelium was rather dense, with an abundance of pmk-stainmg 
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collagenous material. Many lymphocytes and large mononuclear cells and some 
plasma cells were found between the connective tissue strands, and the number 
increased as the margin of epithelization was approached 

Section 2 was taken from the center of the ulcer. The outer surface was 
covered with a pink-staining, amorphous, necrotic exudate mixed with a small 
amount of fibrin and numerous blue-staining clumps of bacteria. Remnants of 
epithelial cells were prominent in this layer. In some areas lymphocytes and 
swollen macrophages were found beneath, as well as in, the layer of necrotic 
debris, while in other parts dense accumulations of polymorphonuclear cells and 
bacteria were present, especially at the sites where the tissue, on gross inspection, 
appeared to be infected. 



Kzgsmm 


— - — - 

«c tissne stroma. Lymphocytic £ZZl 

'a/tt ' vhe " 

r ^ ~ sr - 

Here, in the deeper layers, epithelial tissue had rrr ' reCt > i mto the tissues below, 
strands, flat sheets, solid masses and isolated ■ 1 m dlsord «dy anastomosing 

j»" “*"• »«■ »»c tvee p°« s „ “t ' V>-. The cells were 

separated , rom „« peripheral blood^ „ ™' 0 "' , Wh '« *««T hah 
■ u appeareil as swollen, pink, hyalinized cclU with'n l' ,tlvari; ' b 'y degenerated, 
* — - — ' - 







ARCHIVES OE SURGERY 


carcinoma was noted. Some of the- keratinized areas were undergoing solution, 
and many polymorphonuclear and large mononuclear cells were seen in their 
central parts. 

Between the strands of malignant epithelial tissue ran a rather loose connective 
tissue stroma which was densely infiltrated with lymphocytes and macrophages and 
a few jKiIymorphomiclear cells. 

Brain: Section 1 was taken in order to study the relation of the brain to the 
infected granulating wound on the surface and the extension of the infection from 
this site to the ahscess of the hrain. A portion of the wall of the abscess was 
included. 

'flic outermost portion of the section tints showed a thin strip of tissue similar 
to that described as present in the section of the scalp. Beneath this layer was 



the region occupied by the meninges. 0n * tissue and epithelial 

chiefly by blood vessels, remained. In most place and were in direct 

cells had invaded and oUite grow" for a short distance into 
contact with the brain. Some epithelial f^ d f S t morphon uclear leukocytes 
the cortex. In other areas dense accumulations of 1 P y J ^ subarach noid 
with fibrin and much necrotic debris, ^ surrounded and invaded 

space At such sites the walls of many blood vesse j Si apparently veins, 

by inflammatory cells. Necrosis and ° g dumps ol barter, a 

had produced small hemorrhages into the exudate, 
were prominent everywhere. 
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Beneath the portion just described the brain substance was destroyed almost 
bevond recognition. Extension of polymorphonuclear cells into the cortex had 
occurred, especially about numerous dilated blood vessels, but there was also a 
diffuse infiltration of the intervening tissue. In some areas, collections of these 
cells and the solution and disappearance of nerve tissue had progressed to the 
formation of small abscesses. Few living nerve cells were found ; in most places 
the cells had vanished, leaving only neuroglia and large mononuclear phagocytes, 
while in other regions they contained pyknotic nuclei and shrunken, granular, pink- 
staining cytoplasm. The path of infection could thus be traced deep into the brain 
substance, where it became localized about the abscess. 

The wall of the abscess was lined irregularly with dense accumulations of 
polymorphonuclear and large mononuclear cells, the cytoplasm of the latter being 
distended by ingested material. Broken remnants of neuroglia were observed 
between these cells, and blood vessels persisted far out into the necrotic wall. 
Some of the blood channels were completely destroyed, and their remains appeared 
as pink, hyalinized structures ; others showed beginning invasion of their coats and 
thrombosed lumens. Occasionally, accumulations of red blood cells and fibrin 
marked the site of hemorrhage from one of these vessels. 

Epithelial cells, similar to those described as occurring on the surface, were 
found in the abscess cavity. Most of them were necrotic, and their degenerated 
remains suggested that they had preceded the infection to the site of the abscess. 
In other places epithelial cells lined the wall of the abscess (fig. 3). Other groups 
had invaded the brain substance, where in some cases they formed pearls. How- 
ever, no continuity with the carcinoma cells on the surface could be established in 
this section. 

The destruction of the nerve tissue extended for some distance about the wall 
of the abscess and many active mononuclear phagocytes had wandered into these 
areas. Still farther away, small localized hemorrhages had occurred, and occa- 
sionally groups of polymorphonuclear cells were found. 

Section 2 was taken in order to study the extension of infection from the abscess 
toward the lateral ventricle. At one point there were necrosis and solution of the 
ventricular lining with the extension of an exudate of polymorphonuclear leuko- 
cytes into the ventricular cavity. The relation of this invasion to the abscess could 
not be clearly demonstrated at this level. 


COMMENT 

The late onset of fatal complications and their character make this 
case unusual. Osteomyelitis, meningitis and abscess of the brain have 
all been reported following avulsion of the scalp, but they are usually 
coincident with the acute infection which often immediately follows 
the accident. That they may result indirectly from scalping twenty-one 
>ears after its occurrence is interesting. Such a fact suggests that 
cases in which the patient is reported as recovered when epitheliation is 
IcZ 'T ' sl '°' v “'"Prions. Thus complete avulsion „f „ lc 
cas« Sc a «. “ C ''' n " TOre f0n " idable «««* «» the records of 

The development of an epithelioma in tissue firrt i , ,, 
proliferation bv a ,ar g e surface defect and eSt"* 

' ln " c™™ that am- chronl n,«r “ a,- 
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. J C tl,c s , cat of a canccr (Graham) and that many forms of physical 
and chemical irritation may produce epithelioma of the skin (Ewinc) 
1.0C I. in discussing the etiology of cancer of the skin divided the 
in l titling agents into two groups, internal and external. While both 
1 actors arc present in the majority of cases, as a rule one or the other 
predominates. In certain cases only internal factors and in others only 
i xtei nal factors arc noticeable. 1 hus in cases of xeroderma pigmen- 
tosum some internal factor makes the skin peculiarly susceptible to 
the action of ultraviolet rays, while the development of cancer from 
exposure to roentgen rays seems to depend almost entirely on external 
stimulation. In t lie case reported here the external irritating agencies 
played the most important role in producing a malignant tumor. 

It is not uncommon, of course, for an abscess of the brain to result 
from the extension of a surface infection along venous channels. In 
this case, however, at the time of autopsy, direct growth of tumor 
cells across the meninges and through the brain substance was established. 
From the histologic study it seems probable that these cells preceded and 
marked the path of infection which developed later. 


SUMMARY 

A case of complete avulsion of the scalp is reported in which the 
sequence of events was as follows: (1) spontaneous epitheliation over 
a period of sixteen years; (2) subsequent ulceration and infection of 
a portion of the healed area during pregnancy; (3) development of 
osteomyelitis of the skull, which later necessitated removal of the top 
of the calvarium : (4) failure in attempts at plastic repair, and (5) 
death with symptoms of meningitis twenty-one years after the accident. 

Autopsy revealed: (1) an epithelioma growing in the infected 
granulating wound of the scalp and invading the brain substance, the 
development of which was evidently due to the long continued over- 
stimulation of the actively regenerating epithelium contained in the ulcer; 
(2) an abscess of the brain partially filled with carcinoma cells, com- 
municating with an infected area of the surface and at one point rup- 
tured into the right lateral ventricle, and (3) acute meningitis. 

Dr. H. A. McCordock made the photomicrographs. 
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GASTRIC SECRETION 

VI, THE ACTION OF PILOCARPINE ON THE SECRETIONS OF A 
TRANSPLANTED GASTRIC POUCH WITHOUT AUERBACH S PLEXUS 

EUGENE KLEIN, M.D.f 

UEV YORK 

Although there is no doubt that nervous stimuli excite gastric secre- 
tion, the precise source of the autonomic nerves which reach the secreting 
cells is as vet unknown. Two methods have been available for study. 
(1) histologic examination and (2) the use of drugs that stimulate and 
inhibit the sympathetic and parasympathetic systems. Utilizing trans- 
planted subcutaneous gastric pouches previously described, 1 it seemed 
likely that these might yield results with the appropriate drugs. The 
pouches were constructed from the body and fundus of the stomach 
after stripping away the muscular coats together with the myenteric 
plexus and consisted of mucous membrane and submucosa. They were 
transplanted to the subcutaneous tissues of the abdominal wall with the 
blood supply at first intact. The blood vessels were severed at a subse- 
quent operation. The result was a pouch deprived of vagus and sympa- 
thetic nerves and also of the myenteric plexus. Only the submucous 
plexus remained. Even the nerves accompanying the original gastric 
blood vessels no longer functioned, for the pouches were dependent on 
the abdominal wall for their new blood supply. The effect of atropine 
on such pouches has already been reported. 


RELATIOXS OF THE AUTONOMIC NERVOUS SYSTEM 


The efferent pathways of both autonomic systems are believed to 
consist of two parts. In the case of the sympathetic system, the first 
neuron arises in the thoracicolumbar segment and passes to one of the 
paravertebral ganglions or to one of the larger plexuses, such as the 
celiac plexus. From these ganglions the second or postganglionic 
neuron passes directly to the distal cells— the muscle cells in the circular 
or longitudinal coat of the stomach and intestine. The fibers, therefore 
(according to the present belief), pass directly through the’ myenteric 
and submucous plexuses. In the case of the parasympathetic svstem, the 


t Dr. Klein died on Oct. 2, 1932. 

MeZ'w l -' C „ SCr - iC , C ° f Dr - A - A - Bcr " and the Department of Laboratories 
.Aov.r.t biuro Hosprtnl. ’ 

Klein. Eugene, and Arnbeim. Ernest: Gastric Secretion: LA Trans- 
r<5 - nfcnitancotK Gastric Pouch. Arch. Surg. 23:433 (Sept.) 1932. 
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i.rst neuron arises in the bulbar ( vagus) or sacral part of the spinal cord. 
• s ippo.soc! then to pass directly to ganglions situated in the walls of 
ic peripheral structures, c. g., the myenteric plexus. From these 
ganglions the postganglionic fibers pass to the distal cells. 

. According to this theory the vagus nerve must communicate with 
its postganglionic neuron either in the myenteric or in the submucous 
plexus. ] he myenteric plexus consists chiefly of preganglionic vagus 
libers. Its functions arc incompletely understood, but it appears to be 
concerned with the normal muscular contractions (such as progressive 
peristalsis) of the stomach and intestine. 


I-ittlc is known concerning the submucous plexus. It seems to have 
some relation to the muscularis mucosae. Any sympathetic fibers to 
this muscle or to the secreting cells may of course pass through it. But 
the nature of the cells in it and their relations to the vagus system, if 
an}', arc unknown. 


AY here the postganglionic vagus fibers to the secretory cells arise is 
also unknown. In the transplanted pouches used in these experiments, 
only the submucous plexus remained, so that the number of possible 
sites for the action of drugs became more limited. 


ACTION OF PILOCARPINE 

The present studies were performed with pilocarpine. This drug 
stimulates the parasympathetic system. It acts, according to Anderson , 2 
on the neurocellular junction substance, just distal to the nerve endings. 
This observation was made on the muscles of the pupil of the eye. After 
degenerative section of the postganglionic fibers (short ciliary nerves) 
pilocarpine still caused contractions. Its action was counteracted by 
atropine. Admirable, however, as these experiments were, further cor- 
roboration in other organs seems necessary. Thus, Magnus 3 made some 
observations on strips of intestinal muscle peeled away from the myen- 
teric plexus which show that pilocarpine increases their tone. This 
action too is inhibited by atropine. However, the usual marked conti ac- 
tions caused by pilocarpine do not occur in the absence of the myenteric 
plexus. Whether this is due to the fact that pilocarpine also acts on 
the plexus or that the removal of the plexus is in itself sufficient to 
prevent the normal contractions cannot be said. 

While, therefore, Anderson’s work seems to show that the site of 
maximum action is at the neurocellular junction, the possibility of some 
stimulation in the plexuses and the cells cannot be dismissed. 

~ 2 . Anderson, quoted by Sollmann, Torald: A Manual of Pharmacology, 
ed. 3, Philadelphia, W. B. Saunders Company, 1926. 

3. Magnus, quoted by Sollmann.- 
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As regards previous experiments, Suda studied the effect of pilocar- 
pine in a Bickel pouch. 4 The latter is a gastric pouch entirely severed 
from the stomach, but retaining the original gastric blood supply. An 
attempt is made to section all the nerves visible in the mesentery. Though 
such a pouch is deprived of the major portion of its nerve supply, it 
cannot be stated definitely that all the sympathetic nerves in close rela- 
tion to the blood vessels are severed. And it is also possible that some 
branches of the vagus nerve which pass through the semilunar ganglion 
and accompany the sympathetic nerves are missed. However, Suda 
found that the gastric cells in these pouches secreted acid on stimulation 
with pilocarpine. Because of the assumption that the branches of the 
vagus nerve pass directly to the secretory cells and that section of these 
branches to the pouch has been followed by degeneration of the nerve 
endings in the secretory cells, Bickel 4 concluded that the drug acts on the 
substance of the neurocellular junction. But his primary' assumption 
is contrary to the conception now prevelant. 

EXPERIMENTS 

Tests with pilocarpine were performed on six dogs. Three had the type of 
transplanted pouch just described. One dog had the same type of transplanted 
pouch, but the original gastric blood vessels were left intact. Some sympathetic 
nerves may have reached the pouch along these vessels. The blood supply of this 
pouch was, however, much better than that of the pouches dependent on the 
abdominal wall, and the quantity of secretion was greater. This pouch, like the 
others, consisted only of mucous membrane and submucosa. The myenteric plexus 
was eliminated. Two dogs with ordinary Pavlov pouches were utilized for 
comparison. 

The doses employed were 3.5, 5 and 7 mg. of pilocarpine hydrochloride. 
The drug was injected subcutaneously. The inhibitor}- effect of atropine on the 
action of pilocarpine was also studied. As in the results reported in previous 
papers, free hydrochloric acid, total acid and total chlorides are reported in the 
usual clinical units, that is, in cubic centimeters of decinormal solution. Pepsin 
is reported in units obtained by squaring the millimeter of Mett tubes digested and 
multiplying by 16; such results are, of course, not quantitatively accurate, but the 
relative observations are of some value. Frequently the amount of secretion was 
so small that determinations on the secretion of pepsin could not be made. In 
each table the secretion following the administration of 200 Gm. of meat and 
2?0 cc. of water is given for comparative purposes. Altogether, forty-six tests 
were made. Tables 1 and 2 show the results with each type of pouch. ' 




After doses of 3.0 and 5 mg. of pilocarpine hydrochloride injects 
subcutaneously, the appearance of free hydrochloric acid was incon 
AU cr doses of 7 m S- f ree hydrochloric acid always appears 

A Hickct, Adolph: Ucbcr die Pathologie und Therame Q„i *• 
X'-nmecn dcs Magcns, Jena. Gustav Fischer, 1907 Sekret.om 
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(tables 1 and 2). This was true in all the pouches. Though pilocar- 
pine was not as powerful a stimulant of free acid as histamine, in the 
laiger doses fairly concentrated solutions were produced, the highest 


Iahu; 1. Effect of Pilocarpine Hydrochloride on Transplanted Denervated 
Gastric Pouch Without Myenteric Plexus 


Hour 

Quantity 
of Juice, 
Cc. 

Tree Hydro- 
chloric 

Acid 

Total 

Acid 

Pepsin* 

1 

I'cd 200 Gin. of meat nnd 

Test with 
1.2 

Meat nnd Water 

0 25 

1G 

250 cc. of irntrr 


0.7 

5 

50 



0.3 

10 

50 

81 

4 • 

0.55 

30 

70 



0.S2 

30 

75 


0 

0.64 

15 

CO 

64 

i 

Effect of 5 

0.6 

Mg. of Pilocnrplnc 

0 SO 


5 in*:, of pilocnrplnc in- 
jected Fiil>cutnncou‘dv 

o 

1.4 

0 

CO 

Ci 


1.3 

0 

50 

100 

1 

0.7 

0 

40 

a 


0.S5 

0 

60 


(I 

0.60 

0 

50 

. . 


Inhibitory .Action of 1 Mg. of Atropine on Effect of 5 Mg. of Pilocarpine 

J 0.65 .. 25 56 

1 ing. of atropine Injected 
subcutaneously; 5 mg. of 
pilocarpine Injected fifteen 


minutes Inter 

2 1.1 0 10 64 

0.S .. SO 

4 1.1 .. 40 So 

l.G 0 35 

(i 1.3 0 35 SI 

Effect of 7 Me, of Pilocarpine 

1 1.0 0 55 16 

7 mg. of pilocarpine In- 
jected subcutaneously 

2 0.S 55 SO 78 

3 0.65 0 45 

i 0.5 0 40 85 

0.4 0 40 

O.S 0 45 


Total 

Cbloridesf 


Inhibitory Action of 1 Jig. of Atropine on Effect of 7 Mg. of Pilocarpine 


1 1.4 

1 mg. of atropine injected 
subcutaneously; 7 mg. of 
pilocarpine injected fifteen 
minutes later 


2 0.6 

3 0.55 

4 0.4 

5 0.5 

6 0.2 


0 10 .. 144 

0 15 W 

0 15 

0 10 . • 148 

0 10 


* Pepsin is expressed in Mett units. „ , 

f Total chlorides are expressed in cubic centimeters of tenth-normal solution. 

free acid and total acid encountered being 60 and 115. This action per- 
sisted in the transplanted pouches for a period of one year. 

After the smaller doses, when free hydrochloric acid was absent, an 
increase of secretion of pepsin occurred (table 1). The primary e ec 
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apparently is the stimulation of secretion of pepsin and, in larger doses, 
of hydrochloric acid. This is in conformity with the results of Babkin’s 
investigations. 5 

Owing to the small quantity of the secretion in the transplanted 
pouches, definite conclusions as to the effect of stimulation on the quan- 

Table 2. Effect of Pilocarpine Hydrochloride on Subcutaneous Gastric Pouch 

Without Myenteric Plexus but with Original Gastric Blood Supply 


Hour 

Quantity 
of Juice, 
Cc. 

Free Hydro- 
chloric 

Acid 

Total 

Acid 

Pepsin* 

Total 

Chloride: 

1 

Test with Meat and Water 

0.4 15 55 



Fed 200 Gm. of meat and 

250 ce. of water 

O 

7.9 

95 

130 

S2 

352 

3.. 

, 3.3 

So 

115 

04 

146 

4.... 

3.7 

CO 

95 

04 

146 


3.1 

45 

90 

7S 

14S 

G 

2.4 

50 

100 

7S 

146 

1 

Effect of 

0.2 

5 Mg. of Pilocarpine 

20 45 



5 mg. of pilocarpine in- 
jected subcutaneously 

0 

5.5 

oo 

115 

100 


3 

2.1 

5 

CO 

100 


A 

2.3 

0 

to 

144 

... 

5 

0.45 

0 

00 


144 

G 

0.4 

0 

25 



i 

Effect of 

0.4 

7 Mg. of Pilocarpine 

0 50 



7 mg. of pilocarpine in- 
jected subcutaneously 

2 

3.7 

4o 

So 

100 

14S 

3 

l.G 

40 

to 

100 


A 

0.9 

0 

55 




0.15 

0 

40 



G 

1 drop 

0 





Inhibitory Action of 1 Mg. of Atropine on Effect of 7 Mg. of Pilocarpine 


1 mg. of atropine injected 
subcutaneously; 7 mg. of 
pilocarpine injected subcu- 
taneously fifteen minutes later 

0 

20 


0 

25 

0.25 

0 

35 

0.45 

0 

35 

0-30 

0 

30 

’ 1 drop 

0 



* Pepsin is expressed in Mett units. 

t Total chlorides are expressed in cubic centimeters of tenth-normal solution. 


tny cannot he drawn. Usually, but not invariably, when free acid was 
present the quantity was increased. In the transplanted pouch with the 
intact blood supply and in the Pavlov pouches, the quantity was alwavs 
increased (tables 1 and 2). ' 

One milligram of atropine always inhibited the secretion of free 
hydrochlori c acid produced by 7 mg. of pilocarpine hydrochloride (tables 


?. Babkin. B. P. : Die 
Julius Springer, 192?. p. 191. 


ausscrc Sekretion der Verdauungsdrusen, Berlin, 
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1 «'ik! 2). J he quantities of the secretion were also inhibited When 
M.lhacrn secretion for » tel was obtained, though „„ free acid was 
<lullon.stintcd, secretion of pepsin persisted (tables 1 and 2). 


CONCLUSIONS 

. ,s cv ‘ (icnt l{,at when allowance is made for the fact that the secre- 
tion in the transplanted pouches is much smaller than in the Pavlov 
pouches, the response in all the pouches to the stimulation of pilocarpine 
is similar. It is evident too that pilocarpine can stimulate the gastric 
cells to secrete pepsin and hydrochloric acid in the absence of both 
■vagus and splanchnic nerves. 

It is a sti iking fact that atropine inhibits the secretion of the hydro- 
chloric acid hut not of the pepsin produced by stimulation by pilocarpine, 
f hey are, of course, secreted by different cells., The variation may be 
due to the fact that the nature of the secretory' process is different in 
each type of cell. The peptic cells build up "granules’' which are then 
discharged, while the acid cells convert other chlorides to hydrochloric 
acid. 

As the action of pilocarpine persists after the removal of the myen- 
teric plexus, it is effective in the absence of postganglionic vagus fibers 
arising from the plexus. The possible sites of action that remain are: 
(1) possible nerve endings of fibers originating in the submucous 
plexus; (2) the neurocellular junctions, and (3) the cells. 

The obvious next steps are the repetition of these experiments with 
physostigmine and choline. 

It is important to emphasize once more that a parasympathicomi- 
metic drug can stimulate gastric secretion in the absence of all extrinsic 
nerves and of the myenteric plexus. It is desirable to accumulate as 
many facts as possible tending to show such action in the complete 
absence of parasympathetic nerve supply. Should this be established it 
might permit the assumption of a working hypothesis that a stimulating 
substance may, under normal or pathologic conditions, exist in the peri- 
pheral circulation. The presence of such a stimulant would explain 
many obscure phenomena. In the sympathetic system such a known 
substance of course exists in epinephine, which maintains its action after 
all the nerve supply has been eliminated. 


SUMMARY 

The site of origin of the postganglionic vagus fibers to the secretory 
cells is unknown. According to present theories, however, this should 
be either in the submucous or in the myenteric plexus. 

Transplanted subcutaneous gastric pouches deprived of the vagus 
and sympathetic nerves and the myenteric plexus were used for tins 
study. Control studies were done on Pavlov pouches. 
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Pilocarpine, a stimulant of the vagus system, was the first drug used. 
It is believed to act chiefly on the neurocellular junction. 

Pilocarpine hydrochloride in doses of 3.5 and 5 mg. occasionally 
stimulates the secretion of free acid and at other times does not. Seven 
milligrams always stimulates such secretion. The secretion of fluids 
seems to run parallel to the secretion of acid. While the amount and 
the concentration of acid are not as high as after the injection of his- 
tamine, appreciable levels may be reached. The highest encountered in 
these experiments was 55 free acid and 115 total acid. This action has 
persisted for one year after the preparation of the pouch. 

The smaller doses stimulated the secretion of pepsin even when no 
free hydrochloric acid appeared. 

Atropine in doses of 1 mg. always inhibits the secretion of free 
hydrochloric acid and of fluid produced by full doses of pilocarpine 
hydrochloride (7 mg.). This is contrary to its effect on the action 
of histamine, which, with adequate doses, cannot be inhibited. 

Atropine does not inhibit the secretion of pepsin produced by the 
injection of pilocarpine. 

Pilocarpine remains effective after the vagus and the sympathetic 
nerves and Auerbach’s plexus are eliminated. The exclusion of the 
plexus signifies the elimination of any postganglionic vagus fibers and 
their nerve endings which may originate there. 

Experiments with choline and physostigmine, which act on nerve 
endings, should furnish further clarifying data. 



TREATMENT OF FRACTURES OF VERTEBRAL BODIES 
UNCOMPLICATED BY LESIONS OF THE CORD 


WILLIAM A. ROGERS, M.D. 

BOSTON 


kecent fractures of vertebral bodies, uncomplicated by lesions of 
the cord, can be made to respond to treatment on the same general 
principles, and as satisfactorily, as major fractures of the large weight- 
bearing bones, Each of the latter presents distinct problems, owing 
to fundamental differences in structure and function. This is also true 
of the vertebral column, largely because of the peculiar structure and 
functions of the intervertebral disks, the frequent destruction of the 
disks as a result of injur}' and the high degree of adaptability of the 
column to such destruction under favorable treatment. 

This thesis represents a study of the clinical course and early destiny 
of recent fractures of vertebral bodies without injury of the cord, the 
mechanics of their reduction by hyperextension and the mechanism of 
possible injury to the cord during reduction. It is based on a study of 
thirty-one consecutive 1 cases occurring in and near Boston between 1928 
and 1932, inclusive. 

DIAGNOSIS 

Early diagnosis is essential to satisfactory decompression, and 
accurate diagnosis, to safety in reduction and rational postreduction care. 
Failure to obtain decompression has occurred when there was a delay 
of more than seventeen days in making the diagnosis. Postponement 
of corrective treatment for four or five days or even a week does not 
seem to jeopardize the patient’s chance of obtaining decompression, and 
occasionally seems wise because of shock, ileus or complicating injuries. 
But reductions after a week become, in the main, increasingly difficult 
as time passes. Furthermore, early diagnosis is important from the 
standpoint of tlie patient's morale. In a surprisingly large number of 
cases (13 per cent of the cases concerned here) recumbency was not 
insisted on by the surgeon in charge, under the impression that the 
patient had sustained a strain. Patients who are ambulatory imme- 
diately following fracture, with mild or no support, frequently experi- 

Thls paper was presented as a thesis in application for membership m the 
American Orthopaedic Association. 

This study, started in 1926, was made possible by an assignment of cases m 
the fracture service of the Massachusetts General Hospital. 

1. Two cases in which the patients were treated by former methods cannot c 
traced and are not included. 
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ence severe incapacitating pain, and thereby come to regard their injury 
in a light far more disquieting than it deserves when its true nature is 
finally disclosed. Commonly, the layman believes that fracture of the 
spine means crippledom, paralysis or death. If the person with an 
injured spine were rendered comfortable from the start, especially in 
industrial and automobile accidents, much of this misapprehension could 
be allayed and better cooperation obtained. 

Both from the standpoint of the patient’s safety from injury to 
the cord during reduction and from that of loss of correction during 
recovery, accurate diagnosis must be obtained. This is possible only 
through roentgenograms revealing the best obtainable bone detail in 
anteroposterior and lateral planes. The roentgenograms should include 
the entire vertebral column, since scattered fractures may be present, 
some of them silent. The roentgen study should also include the lum- 
bosacral junction for local factors predisposing to subsequent strains, 
since this region suffers most through failure of correction. 

Injury of the spinal cord is in most cases the result of dislocation, 
either momentary or fixed. Therefore, if dislocation is present, or there 
is evidence that momentary dislocation occurred at the time of injury, 
it becomes apparent that the safety of the cord in that case is dimin- 
ished, and the utmost caution is necessary in effecting reduction or, 
indeed, proceeding with any policy of treatment. 

Patients not showing paralysis but revealing mild symptoms of injury 
of the cord in the form of reflex changes, bladder retention, paralysis, 
variations in muscle tone or hyperpyrexia possess a low factor of cord 
safety. These points should be carefully determined before proceeding 
with reduction rather than after disaster. 

In arriving at an accurate roentgenologic diagnosis , 2 the .following 
points should be carefully noted : 

1. (a) Loss of the concavity of the anterior surface of the vertebral bodv- 
(b) zone of increased density; (c) intestinal gas patterns suggesting ileus 

2. Lateral and anterior wedging 

3. Fragmentation and saucerization of the articular surfaces 

4. (a) Narrowing of the adjacent intervertebral spaces; (b) narrowing of the 
other intervertebral spaces 

5. The condition of the posterior bony structures, i. e., the spinous and articular 
processes, the laminae and pedicles 

b. Crushing of the posterior wall of the body 

'• Anterior and lateral dislocation of one body on another 

S. Spurring (proliferative changes) 

Defects in the lumbosacral region 


2. Dr. v\ imam -Martin ot the department of radiologv, Massachu=et 
Hospital, painstakingly reviewed all the roentgenograms in this series. 


William Martin ot the department 
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T * ° PrCSC,,t aM 11,0 cases and ^ diagnostic ; 

' "™ fnv * nt vcr >' rcccllt poi.it 2 gives an estimate of 

the c ernngement of tlte mechanics of the back and is important from the 

standpoint of fixation; points 3 and 4 indicate the degree of disorgani- 
aat.nn of (lie intervertebral disk; points 5, 6 and 7 give an estimate of 
the factor of cord safety from the standpoint of reduction, and points 
S and 9 arc important in prognosis and indicate a back already predis- 
posed to strain. 


Complicating injuries must not be overlooked. Not uncommonly, 
the os calcis, the sacro-iliac joints, the transverse processes, the ribs and 
the sternum share with the vertebral body the effect of the trauma. 


ETIOLOGY 

i he usual injuries causing fractures of vertebral bodies and their 
importance in diagnosis have been frequently and well described in the 
literature. Attention has often been called to the common error among 
surgeons of failing to recognize the condition early. 


EARLY DIFFICULTIES IX CORRECTING VERTEBRAL INJURIES 

Correction of a deformity resulting from compression of a vertebral 
body was first demonstrated by Dr. Arthur G. Davis of Erie, Pa., in 
1924. He fully described his technic in 1929. 3 Prior to the publication 
of Davis’ work, Dunlop of Pasadena, Calif., and I at the Massachusetts 
General Hospital, working independently, were consistently obtaining 
corrections — likewise by extension but by widely different technics. 
Complete hyperextension of the vertebral column is the keynote of 
reduction by whatever method is employed. Earlier attempts to 
reduce such fractures were made, some of them forcible, but none was 
apparently demonstrated to be successful and none of the methods was 
consistently practiced. The fear of injuring the cord during reduction 
seems to have been the reason for the failure to carry extension far 
enough to be successful. 

Reports of other methods of reduction rapidly appeared in the liter- 
ature 4 following the publication of Dr. Davis’ article. Full descriptions 
of these technics, each yielding satisfactory reductions, are given in these 
articles. 


3. Davis, A. G.: J. Bone & Joint Surg. 11:133 (J an.) 1929. 

4 (a) Dunlop, J., and Parker, C. H.: Correction of Compound Fractures of 
Vertebrae. J. A. M. A. 94:89 (Jan. 11) 1930. (6) Rogers, W. A : Surg-, Gynec. 
& Obst. 50:101 (Jan.) 1930. (c) Jones, R. W.: Brit. M. J. 1:300 (Feb. -) 
1931. ( d ) Dunlop, J., and Parker, C. H. : Radiology 17:228 (Aug.) - 
Dunlop, J., and Parker, C. H.: J. Bone & Joint Surg. 15: 1X3 (Jan.) 9Sx 
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The results of treatment in cases of unreduced fracture often leave 
much to be desired. Studies of the end-results by a number of authors 
indicate a long period of disability in a high percentage of cases. The 
cause of disability is usually backache due to muscle strain, not at the 
site of fracture but along the course or at the attachments of the erec- 
tores spinae. Frequently recurring strains are common during the first 
two years. This is occasioned by the exaggeration of the anteropos- 
terior spinal curves incident to the deformity of a vertebra, and the 
difficulty which the muscles experience in accommodating themselves to 
this change. Treatment by postural exercises and support, granted 
cooperation by the patient, has proved successful, but often at the cost 
of two years’ disability. Spinal fusion has also been tried extensively 
in uncorrected cases. Fusion in such cases eliminates pain at the site 
of fracture and in the corresponding peripheral nerve segments (in 
my experience, very infrequent complaints), but it does not eliminate 
muscle strain and does not relieve the vertebral column of the 
decided mechanical disadvantage under which it is placed by the defor- 
mity of the vertebra and the common loss of one of its intervertebral 
• disks. 

MECHANICS OF REDUCTION 

Any analysis of the mechanics of the normal vertebral column must 
be based at present on the anatomic researches of Schmorl and his 
co-workers in Dresden, where seven thousand spines obtained at necrop- 
sies in the years from 1925 to 1930 have been carefully scrutinized. 5 This 
extensive material, exhaustively studied, has led to the best scientific 
description to date of the normal and pathologic anatomy of the vertebral 
column. This structure may be likened to a flexible segmented rod 
(Lovett) of great strength, capable of a remarkable degree of adapta- 
tion to torsion, tension and pressure and of resistance to mechanical 
shock and "wear and tear.” These properties are possible because of 
the intervertebral disks, which are essentially highly specialized articula- 
tions between the vertebral bodies, and which comprise almost a quarter 
of the length of the column (Weber). The further functions of pro- 
tection to the spinal cord, of affording muscle attachments and of pos- 
terior reinforcement are provided by the posterior bony structures. The 
intervertebral disks differ from other articulations in that the tissue 
of the nucleus pulposus is present, instead of a joint cavity. Whether 
the nucleus is a fluid confined under pressure within an elastic container 
the annulus fibrosus. as suggested by Keyes and Compere, 6 or whether 

Ofti to| 1,C ‘ °‘ A ' : ThC lmCrVCrtChral Di?CS - Lowlon ’ Majesty’s Stationery 
KtyCS - D - C - al1<, Compere, E. L.: J. Bone & Joint Sur ff . 14:S97 (Oct.) 
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it jkjsscsscs an inherent turgor which is held in check by the elastic fibers 
of the annulus and the pressure of the vertebral bodies on the intact 
cartilaginous end-plates, as suggested by Schinorl, the experience of the 
last five years has convinced me that it must act as the means of contact 
and hence as the fulcrum between vertebrae. Since the nucleus is not 
definitely demarcated, and its shape and relative position are altered 
somewhat with each change in the position of its contiguous vertebrae, 




Fi „ 1 —Diagram showing mechanics of spinal column: Upper 
jrrnai: lower Station, abnormal as in fracture of vertebra. 


illustration, 


this point of contact must shift somewhat 

of the vertebrae. For this reason, it oes no ^ g ut j t may be 

precisely any single axis of motion between ^ „, e point 

stated that the axes of motion he along line d ^ | isk falls on 

rssrssr ct £ 
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force applied to the vertebral column to extend it exerts a decom- 
pression or tension throughout those portions of the vertebrae 
anterior to the line of the nuclei pulposi, and a pressure along 
those portions of the vertebrae posterior to that line. Along the line 
there is neither compression nor decompression, and it may be referred 
to as the neutral line. This may be easily demonstrated by lateral 
roentgenograms of the lumbar region of a normal person in extreme 
flexion and hyperextension. The axis of motion of each vertebra may 
be seen to fall through the concavity opposite the nucleus. It is because 
of the decompression which occurs in extension that fractures of the 
vertebrae can be reduced. It may be noted in the roentgenograms in 
cases in which the disk is not appreciably altered that the vertebra frac- 
tured through its superior or inferior surface at or in close proximity 
to the nucleus pulposus show at that point little or no correction follow- 
ing extension, whereas anteriorly, in the zone of decompression, the 
centrum may be restored virtually to its prefracture dimensions. Another 
fractured well posterior or well anterior to the nucleus may be decom- 
pressed to such a degree as to represent almost complete anatomic 
restitution. This consistent finding is interpreted as the result of either 
a feeble decompression or absence of it in the region of the nucleus, 
or as the result of a positive pressure from that portion of the disk made 
up largely of nuclear material. 

It was demonstrated by Schmorrs work, and confirmed in the present 
series, that in injuries resulting in compression fracture the nucleus 
pulposus is frequently not spared (figs. 2 and 3). It may suffer com- 
plete disorganization in severe cases; in others, moderate alteration 
in which some of its functions may for a time, at least be preserved, or. 
in some mild compressions, little or no disorganization of either struc- 
ture or function. 

Although the condition of the disk may only be inferred from the 
roentgenogram. I have divided the cases into four groups for the pur- 
pose of analysis of (1) the mechanism of extension and (2) the treat- 
ment. 


Group 1 includes fractures in which destruction of the disk is sli<dit 
or absent. ^ Absence of narrowing of the intervertebral space and^of 
evidence of more than minor fragmention of the articular surface seems 
to indicate that the disk is functioning. The mechanics of extension is 
virtually that of the normal (fig. 1. upper part). Eight, or 26 per cent 
ot the cases in this scries, fell in this group. Excellent reductions were 
obtained m all (case 1. fig. 4). 

Group 2 includes fractures in which the superior or the inferior 
v m taco ot the centrum and the adjacent intervertebral disk are exten- 
;tvcly disorganized. Here it immediately becomes apparent that the 
.m maUc desirnc.mn ot the nucleus pulposus has deprived the vertebrae 
• no.nwl contact and hence normal axis of motion. Extensior 
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Mca.r, tltrou^li an axis well posterior to the normal-rot, ghlv a. the 

'""r o( lllc (%'. 1, lower part). The are o'f motion 

| , '" , '" ac aml articular processes is short and falls well back of the 

tOU ’ a ' ui thc poss,h,llt > r of j »i u, ‘y to the cord in extension is 
< os pioinbiliye through the limitation of the longitudinal ligament 
anteriorly and of the contact and locking of these structures posteriorly 
Sixteen cases, or a I per cent of the series, fell within this group, in 
all of winch corrections were good (case 10, fig. 5; case 12, fig. 6). 

( .roup 3 differs from group 2 only in the deformity of the vertebral 
body: the compression is essentially central rather than anterior or 
lateral. The walls of thc centrum are but slightly compressed. The 


4 



Fig. 2. — Gross photograph of the third lumbar vertebra seven weeks after par- 
tial correction. Death occurred from hemorrhage of a gastric ulcer. 1 he vertebra 
shows: (1) anterosuperior bone fragment; (2) fracture line (fig. 3) ; (3) hemor- 
rhagic areas and compressed spongiosa, and (4) disorganized intervertebral disk 
pressed into the space between the fragments. 

The sections shown in this figure and in figure 3 and the interpretations 
thereof were made by Dr. Sidney Farber, Department of Pathology, Harvard 
Medical School. 

articular surface is saucer-shaped. Little or no decompression can be 
obtained by extension. The intervertebral space may be restored. Two 
cases, t>r 6 per cent of the series, comprised this group (fig- 7, case 2 ^)- 
Group 4 includes cases of compression fracture with dislocation of 
the above adjacent vertebra. The nucleus pulposus has, through the 

injury, lost its mechanical identity. If during extension posterior replace- 
ment of the dislocated vertebra does not occur, the axis of motion fa s 
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surface of the fractured vertebra^The^arc^o^ ^ ^ that 

articular processes o these elements encroach farther on 

"l "l they lock, if, however, the posterior bony proc- 


SStell 


£ 


m 


7;;ry*v«v 


c 




■£*{}]£ 


big. — Photomicrograph ot a section of the specimen shown in figure 2 (X 
10; aniline blue stain) taken to include a portion of the anterosuperior fragment, 
the fracture line and the main fragment. The fracture line contains annular fibers 
and nuclear material disorganized by the injury and pressed into the fracture 
mavi. The picture shows: (J) anterosuperior bone fragment, (2) fracture line 
and i.t) main fragment. 


e-es du nut lock (always a possibility in fracture of the articular proc- 
«'-) injury of the cord ultimately ensues (figs. 8 and 9). Five cases, 
nr pi per cent of the series, fell in this group. 
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Fig. A. Roentgenograms illustrating injury of vertebra and result of treatment 
typical of group 1 (case 1). In this case there was no apparent fracture or nar- 
rowing of the intervertebral disk. Treatment was by flexible frame, for reduction, 
and fixation by recumbency in a plaster of paris jacket, ambulatory treatment in a 
plaster jacket and finally* a high backbrace. A shows appearance before reduction; 
B, appearance after reduction, during ambulatory treatment in the plaster jacket, 
and C, end-result three years and five months after injur}-. 



p%. 5. — Roentgenograms illustrating group 2 (case 10). In this case there 
was fracture of the superior vertebral surface with no definite narrowing of the 
intervertebral disk. Treatment was by flexible frame, for reduction, and fixation 
in shells, followed by fusion and recumbency in a plaster jacket, then by ambula- 
tory jacket treatment and finally a high backbrace. A shows appearance before 
reduction; B, appearance after reduction, and C, end-result after four years. 
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Fig. 6.— Roentgenograms illustrating group 2 (case 12). In this case there 
was fracture of the superior vertebral surface with narrowing oftlie interverebral 
disk. Treatment was reduction by flexible frame and fixation by shells, followed 
by ambulator}’ treatment in a plaster jacket and last a high backbrace. A -shows 
appearance before reduction; B, appearance after reduction, and C, the end-result 


after four years. 



Fig. 7.— Roentgenograms illustrating group 3 (case 25). In this case there 
were fractures of both surfaces of the vertebra with narrowing of the intervertebral 
disk. Treatment was reduction by flexible frame and fixation by recumbency in a 
rlaster jacket, followed by ambulator}- treatment in a jacket and finally a high 
backbrace. A shows appearance before reduction ; B , appearance after reduction, 
and C, the end-result after two years and five months. 
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1’ig. S. Diagram showing mechanics of extension in group 4. 



Fig. 9. — Roentgenograms illustrating group 4 (case 27). In this case there 
were noted: wedging of the vertebral body (anterosuperior lip of second lumbar 
vertebra), apparent fracture of the anterosuperior lip of this vertebra, obliteration 
of the intervertebral space, and dislocation of the anterior parts of the first and 
second lumbar vertebrae. Treatment was reduction by Bradford frames and fixa- 
tion by shells for three months, spinal fusion, and wearing of a high backbracc. 
A shows appearance before reduction; B, appearance after reduction, and C, the 
end-result after four and a half years. 



rogers-fractures of vertebral bodies 290 

Mention should also be made of the anterior longitudinal ligament 
which is, as stressed by Davis, so powerful, its tenacity to the vertebral 
bodies and the disk so great, and its continuity during life so indestructi- 
ble that it should be mentioned as decidedly a factor in reductions 
through extension. This ligament limits hyper extension, and with the 
annulus fibrosus provides the agency through which the forces of 
decompression operate. 

It seems probable that the influences of decompression do not exert 
their full effect on the fractured vertebrae until complete hyperextension 
of the intervertebral joints above and below the fracture has been 
reached, since force applied up to that point is spent in phi siologic 
extension of joints above and below. Clinical experience seems to bear 
this out. Numerous failures to decompress occurred in cases in which 
extension was carried out only partially. 


APPARATUS AND TECHNIC OF DECOMPRESSION 

The apparatus employed in obtaining complete hvperextension in the method 
of treatment discussed here was described 4b in 1930 and has remained essentially 
unchanged since, except that it has been simplified and so arranged that roentgeno- 
grams can be obtained at the time of reduction, and plaster fixation applied without 
moving the patient from the frame. The essential principle of placing the patient 
supine on a flexible Bradford frame and obtaining extension by rendering the 
frame convex upward is the same. The flexible frame, in its segment which under- 
lies the vertebral column in extension, assumes virtually the normal extension 
curve, except in the upper dorsal region where a thickening of the mattress of 
blankets employed evens the pressure. The force is very' great and is under 
absolute control. It may be applied so gradually that increments of extension are 
scarcely appreciable by the patient. The corrective force is that of gravity' under 
absolute control through the frame, and is the resultant of traction and extension. 
Traction may be augmented by weight and pulley or manually by assistants. 
Figures 10 to 13 show the structure of the frame. 7 It may be seen that by slowly 
lowering the ends of the frame the spine is gradually extended. Note the extreme 
upward convexity necessary to provide complete hyperextension. Formerly the 
yoke, intermediate between the ends of the flexible frame and over which the frame 
is bent, was placed opposite the kyphos. This did not always yield an extension 
free from discomfort to the patient. It is now placed in the region of the dorso- 

lumbar junction so that physiologic extension of the spine mav be obtained without 
pain. 

When the apparatus is being set up, the yoke can be adjusted to the flexible 
rame on which the patient lies during extension, at the point where the dorso- 
iumbar junction will rest. 


incL D n7Tfr\ hCiS m, 5 v e - t an , d ft 2 _ inches < 157 ' 5 5 feet and 10 

of Cn , 10 ' "' ,<Uh - 3 ,eet (91 - 5 cm.) : height of yoke, 3 feet and 1 inch 
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The width of the flexible frame can he varied so that for any patient the side 
hands will he at a distance of about 3 inches (7.6 cm.) from the torso. This 
makes it possible for the roentgenologist to place the tube and casette at the 
desired distances to obtain checkup roentgenograms. Furthermore, with 3 inch 




Fig . ii. — The flexible frame arranged as for spinal hyperextension. 

... t 


sCft » ■" » P i”‘ er (10 Cl S. '"‘m™ is 6 placed 'on ‘J «* 

; ece of webbing about 4 niches (10 the patie nt is placed on 
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j' lr 7 > , S j faat (33 CW ) lo "E’ thrcc 011 ;l side, and each equipped with a 

buckle. I he four straps at the corners of the square are sewed obliquely; the two 
at the middle, at right angles to the sides. Over this is placed the felt padding 
lor the jacket, and the patient is then laid on the frame. As quickly as hyper- 
extension has been obtained, these six straps are fixed through buckles to cor- 
responding straps fastened to the adjustable overhead piece and tightened. The 
segment of the canvas covering of the frame underlying the vertebral column 
from the middorsal to the midsacral region is now removed from beneath. The 
patients torso is thus made easily accessible for the application of the jacket while 
it is still maintained in hyperextension. 


J he technic of reduction has been radically changed since it was first 
described ■ ,l ’ in 1930. Extension was then carried out slowly, so that the first 
correction in July 1928 was found by roentgenogram after fourteen days of gradual 



Fig. 14. — The application of a plaster jacket requires that the patient be sus 
pended while still in extension. 


extension. The rate of extension after this case was accelerated to reduce the time 
of correction to from four to seven days. The reason for such slow extension was 
that injur}' to the cord might surely be avoided, as such impending injury wou 
be manifest before the damage was done. With better appreciation of the inec lan 
ics of correction and of the type of case which seems to have a low factor oi 
cord safety the time of correction has been cut down during the past eigiteen 
months to a few minutes (from fifteen to sixty) with as satisfactory restoration 
as before, apparently fully as much safety and less inconvenience to t le pa nen i 
There is one exception to this practice which should be definite y un c , 
namely, its employment in cases which fall in the fracture-disiocation group. ^ 
this group, which might be termed, from the standpoint of injury to ’ 

“potentially dangerous group,” further study will be necessary befo y P 


dure may be advocated. 

General anesthesia was not necessary in the cases 
employment of any local anesthesia indicated. An 


in this series, nor was the 
average dose of morphine- 
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scopolamine, appropriate to the patient's age and weight, may be given to allay 
apprehension, and also to promote relaxation of the muscles, but not to render the 
patient insensible to questioning or to pain more definite than discomfort. This 
medication has proved helpful and is recommended. The canvas-covered flexible 
frame on which the patient lies supine is heavily mattressed with blankets. Exten- 
sion is started with the frame concave upward, and only after the adjustment of 
the frame is such that the patient is comfortable. The lower extremities are 
exposed in order that reflexes may be checked from time to time, voluntary muscle 
action carefully watched for early paralysis, and any other manifestation of injury to 
the cord noted. Reflexes tested too frequently tend to fatigue, and during the 
latter range of extension there has been uniformly a diminution in the intensity 
of response in the knee jerks. 


It is practically essential to the patient’s comfort and cooperation that the 
head be kept horizontal and not dependent. To this end, head pillows are pro- 
vided as extension is increased. This provides comfort without hindering exten- 
sion, since the highly flexible cervical spine does not appreciably influence the 
dorsal and lumbar segments. 

Extension is slowly and intermittently increased in small increments until the 
surgeon estimates that the limit of hyperextension has been reached. This limit 
varies widely with age, habitual posture, type and proliferative changes, all of 
which should be considered. A general estimate may be reached by determining 
the angle between two imaginary planes on the anterior aspect of the fully extended 
torso : the first, the mean plane of the sternum ; the second, a plane passing tangent 
to the anterior superior spines and the two anterior-most points of the lower 
thoracic margins. This angle varies roughly between 45 and 60 degrees, the 
former in the stocky, heavy-boned type, the latter in the long, slender-boned, 
hvpermobile type. Usually at the stage where this angle falls within these limits 
the patient experiences a strong limiting pull of the rectus abdominis and anterior 
hip muscles, and after a little more extension lumbosacral pain begins, ' rapidly 
increasing in intensity with further efforts at extension. The latter subjective 
manifestations are not in themselves reliable, since it is a common experience to 
encounter them some time before complete extension is reached, only to have them 
no longer felt at that degree of extension after a few minutes at a less advanced 
degree. When they invariably appear at the same degree of extension, obviously 
near the limit, at a second or third trial at further extension, the limit has probably 
been reached. This process of gradually obtaining the full range through inter- 
mittent applications of extending force usually takes from twenty to thirty min- 
utes. Lateral roentgenograms may then be made with a portable unit and the wet 
films interpreted. The appropriate fixation is then applied while the patient is 
still on the frame. When this has hardened, the patient is returned to bed. The 
whole procedure consumes about one and one half hours. 


EXPLANATORY NOTE 

The reductions obtained in this series, the experiences with fixation 
the roentgenographs changes noted and the end-results to date are 
recorded in the tables. It is hoped that in this way a fair cross-section 
o he experience on winch the study is based will be presented. Repro- 
ductions of all the films would require so much space, and important- 
detad m the ongmals would be so often lost, that the tabulation method 
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sm„ s ,0 Ik: ll,c only praclical >v.-,y of disclosing the results and corre- 
''""f ™ 1 Ik reproductions shown have been selected to 

einphaMze IhrIi points, which it is meant thereby to stress. Each print 
discloses one or more points discussed, and by comparing what is to be 

smi 111 11 WIth lIlc corresponding note in the tables the reader will be 
able to gage the actual experience with the series. 


KKSULTS IX T1 1 III TV-ON K KEDL'CTIOXS (TABLE i) 

Roentgenograms taken following reduction in the twenty-four cases 
in gioups 1 and 2 show almost complete correction in the matter of the 
shape of the body with three exceptions (cases 9, IS and 21). In all, 
there remained a slight but definite deformity, in some almost imper- 
ceptible, in others more quickly recognizable. In all except one tbe 
impression could be gained that the vertebral body was diminished in 
size. In case 9 (July 1928) it was decided to attempt no correction of 
the bone but simply to cany out exercise and supportive measures, i. e., 
as a control. In case IS (January 1931) extension was stopped short 
of completion because of the recurrence of an old strain in the lower 
part of the back which proved painful and apparently was caused by 
the extreme position. In this case, correction fell short of the foregoing 
standard. In case 21 (Februay 1932), through an error in hospital 
routine, roentgenograms were not taken the day following reduction, 
and on the fourth day while straining at stool the patient suffered a 
pulmonary embolus which almost proved fatal, and which required the 
removal of the jacket after the acute phase had passed. 

In all cases of groups 1 and 2, with the same exceptions, no definite 
narrowing of the intervertebral space could be detected directly after 
reduction. 

The fractures in group 3, the central compression type, could not be 
decompressed. The disk fibers, it seemed, were so disorganized as to 
make little if any effective traction possible. Only two such cases 
appeared in the series, and this experience may therefore prove not to be 
the rule. In case 26, the intervertebral space was restored twelve weeks 
after its obliteration, a common experience in the old, uncorrected cases. 

The fractures in group 4, five in number, did not give consistently 
good results. Only two were reduced fully (cases 27 and 31). The 
patient in case 30 came for reduction twenty-three days after injury 
apparently too late for the fracture to yield, although some correction 
was obtained. The patient in case 28 showed during correction tem- 
porary interruption of cord function before complete hyperextension 
could be obtained. The failure of correction in case 28 (March 19 
in which a four day correction was attempted, can not be defim e> 
explained. The patient was not cooperative. 
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Lapse of Time Before Patients Came for Reduction .— Reductions 
started within seventeen days after the date of injury were uniformly 
successful and those started after seventeen days were either partially 
or entirely unsuccessful. The optimum time for reduction, however, is 
clearly during the first week. 

Age of Patients (Tabic 3 ).— The youngest patient was 15 years of 
age. Four were in the third decade, ten in the fourth and six in the 
fifth. One was 63 years of age and the oldest was 64. 

Apparatus Employed in Reductions. In all cases except two the 
flexible frame w r as used to effect reductions. In case 2, the patient was 
simply hvperextended by placing him on the Goldthwaite irons. In case 
27. the fracture was reduced by using two Bradford frames, shifting the 
patient back and forth from one to the other for more than fourteen 
days, the frames being bent farther each time. 

Time of Reduction . — During the period of gradual correction, from 
June 1928 to June 1931. the average time of correction was seven days. 
Since then, the average time of correction has been about twenty minutes. 
Twenty of the patients were extended gradually, and ten in less than 
one-half hour. 


Gross Appcarattcc of Fractures . — In table 1, under the heading 
“Gross Appearance of Fracture, or Fracture and Dislocation,” the degree 
of anterior wedging is estimated in terms of the approximate loss in 
height of the anterior surface of the vertebral body through compression. 
None of the patients showed beyond question compression of the poste- 
rior wall of the centrum. In only two was there lacking some evidence 
of fracture of one or both of the articular surfaces of the centra (cases 
1 and 4), and in only two others was this indeterminate. 

The term “saucerization,” coined to describe the articular surface in 
fractures which by roentgenogram are essentially central compressions, 
is not applied outside group 3 in the table. Many of the other fractures 
showed some central compression, however, but not sufficient to make 
this element predominant over wedging. 

Twelve patients showed no definite narrowing of the intervertebral 
space, either superior or inferior. In all others, the violence had unques- 
tionably narrowed the space. " 


For details concerning fracture definitely demonstrable in the poste- 
rior bony processes, see table 4. under “Complications.” 

Cord Injury Through Reduction .— All the patients were carefully 
watched during correction for evidence of impending injury to the cord 
especially weakness in voluntary muscle action in the lower extremities’ 

r r ' fl " cs or ,witcW "S- So, K received local or general anesthesia! 
In only one case was there evidence even of interruption of cor, l 
Inaction. Two laments (cases 2S and 30). however, gave reasons for 
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tl,c a<ivamage ° f ’■**« «* 

. . Ute l,cra definitely how impending or Winning 

mjui\ to the cord through extension manifests itself. The answer to 

.s may. however, lie in the experience with these two pafat ts 

I nh seems to rndteate that local pain at the site of fracture precedes’ 

1 ’ t0 .! IlC C ° rd th,ou " h '-eduction, and that loss of reflexes is the 
next nitun testation. 

1 he Patient in case 28 (fijr. 15) had severe compression fracture of the twelfth 
Its.] UTtcbra, associated with forward dislocation of the eleventh dorsal vertebra 
-Muwmn was started on the day following the accident. During a very slow 
extension over a period of four days definite local pain developed at the site of 



Fig. 15. — Roentgenograms in case 28: A, appearance before reduction; B, 
appearance following reduction; C, end-result after four years. 


the fracture and dislocation, with decided paralysis of the lower extremities and 
acute gastro-intestinal symptoms characterized by abdominal distress, vomiting and 
distention. There was no sphincter disturbance or sensory change. These observa- 
tions were checked by members of the neurologic staff. Further extension was 
stopped, and the degree of extension was moderately lessened. After three days, 
this picture had entirety disappeared, and extension was cautiously resumed. Local 
pain again developed, and while it was possible slowly to increase the upward 
convexity of the frame to a slight degree, the pain prevented the accomplishment 
of any definite increase in extension. Further attempts to complete extension were 
abandoned. Since this episode, the patient has not had any sign of recurrence of 
these manifestations. 

The patient in case 30 had severe compression of the twelfth dorsal vertebra, 
with definite forward dislocation of the eleventh dorsal vertebra on the twelfth. 
The injury occurred twenty-two days before the patient was brought to the 
service. Extension was started twenty-three days after the injury. It prove 
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uncomfortable from the start. It was continued until partial reduction was 
obtained. At this point, the local pain became intolerable and extension was 
stopped While the patient revealed no loss of knee jerks and no paralysis, 
further extension was not forced by the aid of anesthesia, and this was fortunate, 
for fusion of the spinal cord, which was resorted to at this point, disclosed that 
the inferior articular processes of the eleventh dorsal vertebra were completely 
dislocated from their articulating fellows of the twelfth dorsal vertebra, and lay 
anterior to the latter, that on the right side lying immediately anterior to and 
locked with the corresponding process of the twelfth dorsal vertebra. Any further 
extension in this case, it seems, would inevitably have resulted in compression of 
the cord. Following fusion, this patient made an uneventful recovery and at 
fourteen months returned to his preinjury activities (chain store manager) without 
complaint. 

In no other patient was there any manifestation of either fleeting or 
permanent injur) 7 to the cord, following reduction. 

It should be noted, however, that in case 27 (fig. 9), with marked 
forward dislocation of the first lumbar vertebra on the second, the 
deformity was reduced without any manifestation of injury to the cord, 
either during or after reduction. 

It seems probable that with careful adherence to the technic 
described injur) - to the cord will not occur during reduction in com- 
pression fractures uncomplicated by dislocation, in view of the foregoing 
experience, the mechanics of extension, and the added factor of safety 
to the cord afforded by the considerable space between it and the walls 
of the spinal canal in uncomplicated fracture. The definite possibility, 
however, of injury to the cord during reduction should never be absent 
from the surgeon’s mind, and when dislocation is present, complicating 
the fracture, it is a real possibility, with local pain possibly the first 
warning. 

APPARATUS AND TECHNIC OF FIXATION 


The appliance selected for fixation must maintain hyperextension. Otherwise 
the deformity of the bone will recur (case 6, fig. 16). As the intervertebral disk is 
usually definitely narrowed or obliterated within one year after the injury 7 , it is of 
utmost importance to preserve the correction until bone reorganization is adequate. 
Plaster of paris shells will accomplish this, but they present the decided disad- 
vantage of keeping the patient recumbent, allowing but two positions, prone and 
supine. The plaster of paris jacket, correctly applied in selected cases, was the 
most satisfactory form of fixation employed in this series. In favorable cases the 
patients may be ambulatory from the start, leave the hospital at an early date 
and may even resume their preinjury activities, if not actually laborious. In this 
way, general muscle tone is preserved throughout the period of treatment and 
morale is decidedly better (fig. 17. case 17). 


The patients suitable for ambulatory treatment in a jacket directly after cor- 
= „ are those m whom the fractured vertebra or vertebrae are situated in a 

loi , , V T " h,ch is Convex ^ard, as the second, third or 

a , t , P cca? ’°rally, th « anterior convexity extends as high 

the tenth or eleventh dorsal segment. Such vertebrae, in the erect attitude 
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;md extreme hyperextension of (he column, receive the superincumbent weight on 
the posterior portion of the body (fig. 18). A careful checking of the vertebrae 
by fmpieut roentgenograms taken through windows in the jacket has failed to 
disclose any appreciable loss of hone correction under conditions of constant stress 
while the wearer was up and about, walking and riding in an automobile. Some 
ambulatory patients, when overtired, experienced lumbosacral backache (five of 
twenty-eight, or 18 per cent). Curtailment of activities controlled this complica- 
tion. One of those so treated began to have, after being up and about for several 



Fig. 16. — Roentgenograms in case 6, in wind, the correction was J “| , m ’ 
plaster jacket that had become loose otvjng to the patient s ,os! y 

before redaction; B, after reduction; C, loss of correct™ ,» the jacket. D. end 


result after sixteen months. 


weeks, pain over the posterior sacro-iiiac a £1 

£ rr— " disappeared on completion of ,h. 

period of protection of the vertebra and reson.pt, on f „ clnra , ie 

The patients definitely unsu.ted to this treatment ThJs 

in the anteriorly concave middie and upper dorsal region (case 16, 
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concavity in some spines extends as far down as the second lumbar vertebra; hence 
no definite dividing line can be set, but each case must be determined ^cording 
to the stresses to which the fractured vertebra will be subjected m die hyper- 
extended position. Patients whose fractures have resulted in crushing ot the 
posterior portion of the centrum or in lateral wedging are obviously not suited 
to ambulatory treatment. Furthermore, failure is apt to follow such practice w 
obese persons, and indeed all patients receiving ambulatory treatment should be 
carefully watched for loss of weight sufficient to allow flexion (case 6. fig. 16). 
A jacket which for any cause is loose should be removed and either a new one 
applied or the ambulatory treatment abandoned. Probably a jacket on a recumbent 
patient maintains correction in all vertebrae up to and possibly including the eighth 
dorsal. My experience in this manner of fixation is too limited to state two 
patients— in both of whom correction was preserved until reorganization of the 



Fig. 17. — Roentgenograms in case 17: A. spinal column while patient was 
under ambulatory treatment in a jacket applied directly after reduction and worn 
six months ; B, the end-result after two years and four months. 


bone was complete (fig. 19, case 20). It seems to be a question when recumbency 
is demanded which is more acceptable to the patient, a jacket or shells. 

, T ’ !e sl 'PPOtt of corrected vertebrae in cases unsuited to jackets, and in cases 
ot spinal fusion, is conveniently afforded by plaster shells. Patients in such cases 
should be placed immediately on a regimen of exercises : active extension for the 
maintenance and development of the erectores spinae, abdominal retraction and 
eep breathing, and for the lower extremities mild "goose-stepping.” 

7Vr/uuV of the Application of a Jacket .— The patient, with spine fullv hvper- 
extended and torso equipped with shirt or stockinet and protected bv felt, is 
rarna y suspeuded while still on the frame by the small webbed square, already 

rirSC" refi ” (6 »' ,4 >' W Paddins i» essential. 

Ihtclaessc, hal, ,„d, 11.27 cm.) saddlers' felt are used over the spinal 


.ms 
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""" a, I ,,I 1 onc l ; iycr of fo,,rtil i,,cl > (0.64 cm.) or thicker felt over the iliac 
;' r< ;T, al ’.' ,nt t!,C Ul,I ’ cr !>art of thorax, as shown in figure 21 B and C 
( .olctthwaXc irons, adjusted to fit the contour of the hyperextended spine, are 
tl.cu placed hcneath the pattern's torso, the suspending canvas sling is removed 
and the plaster applied (fig. 20), This simplification is a convenience. Equally 
practical it is to transfer the patient at the completion of extension to the stand- 
ard form of Goldthwaitc irons as shown in figure 21. The jacket should be about 
one-fiMjrth inch thick. It is extended as high as the suprasternal notch, is applied 
snugly over the entire anterior wall of the chest and is molded snugly to the iliac 



Fig. 18 .— Drawing showing the type of patient suited to ambulatory treatment 
in a jacket. The fractured vertebra (or vertebrae) is situated in a portion o tie 
spinal column which is convex forward. Such a vertebra in the erect a 
and extreme hyperextension of the column receives the superincumbent weigi 
the posterior portion of the body. 


crests, reaching as far down as about one-half inch below the an ds P from 

iliac spines. Posteriorly, it fits snugly into the lumbar lordosis and - 

the spines of the scapulae to half way down the sacrum. Three areas of accu a 

contact should thus result, two anteriorly, namely, 

and the anterior portion of the iliac crests, and one posterior j , 

When dry, the jacket is trimmed, and the patient is returned to bed. 



Fig. 19. — Roentgenograms illustrating maintenance of correction during recum- 
bency in a jacket: A, before reduction; B, after four months of recumbency in a 
jacket. 




Fig. 21. A, the Goldthwaite irons used in application of the plaster jacket; B and C, arrangement of sad- 
dlers’ felt; D, application of the jacket. 
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It is well to place the patient on a diet of fluids and give a daily enema for 
forty-eight hours following correction and application of the jacket. Otherwise, 
gastro-intestinal upsets are common; in two patients in this series adynamic ileus 
developed. In the very slender and the old, it may be necessary to split the jacket 
in the midline anteriorly and spread it a little to allay a distressing feeling of 
smothering, evidently associated with the extreme expansion of the chest. Both 
patients with ileus promptly lost their symptoms following this procedure. Later 
the jacket may be brought together and wrapped, or wrapped less tightly, with 
several layers of plaster bandage. Windows cut the following day in the sides of 



Fig. 22. — The completed 
fracture. 


jacket, ready to have windows cut in it opposite the 


ssr- a -» « *• r 

.< ,asK «« 

i. „1 " ron "' S| “ ’“ eh *P™8 !»1 bat 

1 15 {he h >-perextended position. This is w< 
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while the patient is tip ami about, and is removed when he is recumbent. Extension 
exercises are vigorously pushed at this stage, so that in from one to two months 
tlie crectores spinae are powerful and fully capable of performing their task. The 
brace is worn until the strength of the muscles is definitely adequate, usually from 
the fifth to the seventh month, and is then gradually discarded over a period of 
from two to three weeks. A deep lumbar lordosis remains which must be cor- 


rected before the active stage of treatment can be regarded as over. If it is not 
corrected, the patient is theoretically full} - as liable to strain and fatigue as if the 
fractured vertebra bad not been corrected. This may be accomplished in from two 
to four weeks, or more, varying with the patient's age and ability to cooperate. 
hxcrciscs in lumbar flexion are given to stretch contracted lumbar soft parts, and 
the patient is instructed in pelvic control and the habitual carriage of the pelvis 
in the vertical position. The restoration of back mechanics and the repair of 
the fracture being completed, it is simply a question of general development when 
the successful return to preinjury activities may be expected. 



Fig. 23.— Roentgenograms in a case of nuclear prolapse (case 24) : A, before 
reduction ; B, after reduction ; C, nuclear prolapse at seven months. 


RESULTS IN THIRTY-ONE FIXATIONS (TABLE 2) 
Jacket-Rccumbcncy. — Eight patients whose fractures were fixed by 
recumbency in a jacket for from one to seven days suffeicd no ios 
of correction of either vertebral body or intervertebral space. Four 
others so treated for three weeks, six weeks, two and four months, 
respectively, likewise retained full coriection. 

Jacket- Ambulatory- — Fourteen patients were rendered ambulatory m 
jackets from one to seven days following the correct, on . and «h,s 
type of fixation was continued for from two to seven months, tar, mg 
with the severity of their deformity and apparent d,sorga„,aat,o„ of the 
T rl ZrL of four and one-half months). Of this group two 
Shi honllnect (cases 6 and ,6). * others, bone correct, on 
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was maintained. The patient in ease 6 (fig. 16), after almost complete 
correction, was discharged from the hospital seven days following 
reduction, having been ambulatory, for three days, with orders to return 
for checkup at two week intervals. She did not report until thirteen 
weeks later, when she had lost about 20 pounds (9.1 Kg.) and her 
jacket was quite loose through that circumstance. Roentgenograms 
disclosed the loss of correction. In retrospect, she should not have been 
selected for ambulatory treatment because of her initial obesity and the 
site of her fracture, the twelfth dorsal vertebra, which in her case lay 
at the beginning of the anteriorly concave dorsal curve, and because of 
the doubt of her willingness to come in for frequent observation. The 
patient in case 16, likewise ill-selected for ambulatory- jacket care, could 
not, through circumstances, be closely watched, and she lost her cor- 
rection following a second and unsatisfactory application of a jacket. 

The fate of the intervertebral space was, however, quite different. 
There was definite narrowing during this period in three patients, 
marked narrowing in three, and the space was lost, of course, in the 
two patients in whom bone correction was not maintained. In only six 
patients were both bone and space correction maintained. Of these, it 
should be stated that three lost their spaces subsequent to bone repair 
and termination of fixation, and one showed a slight narrowing of the 
space at two years and four months, which was evidently to remain 
indefinitely by reason of a complete and heavy bridge of bone. 

Shells. — Shells were used in eleven cases, and the restoration of both 
hone and space was preserved throughout their period of fixation. 


FATE OF INTERVERTEBRAL DISK AXD FRACTURED VERTEBRAL 

BODY (TABLE 3) 

The inevitable alteration in structure of the disk following extensive 
injury was clearly demonstrated at Schmorl’s clinic. With alteration in 
structure there ensues change in function in the form of loss of adapta- 
bility to changing stresses and of resistance to “wear and tear.” Local 
mechanics are no longer adequate to demands, and compensatory struc- 
tural changes slowly develop similar to those observed in other injured 
weight-bearing joints, namely, narrowing of the joint space, prolifera- 
tive bone changes at the margins of the joint and increased bone density, 
lhcse changes and their development may be easily followed by means 
of a series of roentgenograms of the patient, taken monthly at first and 
then at six month intervals. Figure 6 illustrates the changes in a typical 

case. They vary with age. occupation and previous condition of the 
joints. 


Spur Formation .— This occurred in eighteen cases, or 60 per cent 
an<l was hrst noted at various times from five weeks to four and one- 
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* Extensive fracture at ankle. 

| Fracture of os caicls. 

t Seo results in fixation (table (i). 

# Extensive fracture, both ankles. 
|| Spinal fusion. 
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half years. J» sixteen of these eighteen cases there was narrowing of 
the inter vertebra) space; in two. narrowing was not definite. Of the 
lattei two. one was that of a man, aged 56. doing laborious work; in 
the othei theie had been surgical fusion. Eight other patients showed 
trunked mu towing but spurs did not develop. Of these eight, three 
were la, 22 and 24 years of age, respectively ; three were women of light 
activities ; one had not had roentgenograms taken, because of other ill- 
ness confining her to bed, and in the fifth the narrowing was too recent 
(nine months). With loss of the intervertebral disk and alteration of 
the size and shape of the vertebral body, local mechanics are inadequate 
and these proliferative reparative changes ensue. 


Table - 1 . — Time for Complete Bridging of Intervertebral Space 
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months varying with the degree of disorganization of the bone, and m 
two other patients, with badly shattered centra, m from four to eight 
and eight to eleven months, respectively. 


END-RESULTS (TABLE 6) 

Restoration to Preinjury Activities. — Twenty patients, or 65 per cent, 
returned successfully to preinjury activities and remained free from 
pain. They returned in from two to fourteen months (the average was 
eight and a third months). Of this number, eight would probably gen- 
erally be regarded as having had severe fractures, nine, moderately 
severe and three, mild. Three of the nine patients with severe fractures 
had surgical fusion. Five of the twenty patients were in the industrial 
compensation class. 

Restoration of Light Activities. — Six patients returned successfully 
to lighter activities, five at from five to eleven months and one at twenty- 
seven months. Four of these patients do light work because of pain in 
the back on doing laborious work steadily. Of the other two, one (case 
3) prefers clerical work to hard labor; the other (case 21, eleven months 
after injury) has been instructed not to do heavy work yet. In three, 
the fracture healed and was reduced ; in one, an excellent reduction was 
obtained but later was lost during fixation (case 6) and in two there 
was no correction. 

Failure to Return to Work. — Table 7 presents the facts regarding 
patients who have not resumed former occupations. 

Fractures of Posterior Bony Processes. — Roentgenograms showed 
fracture in the bony processes, exclusive of the transverse processes, in 
only five of the thirty-one cases. They were confined to the articular 
processes and laminae. Doubtless, many were not detected. Fracture 
ot the pedicles was not diagnosed in the entire series ; five of the patients 
showed fractures in one or more transverse processes. 


SFIXAL FUSION 


It may be seen that the restoration of the shape of the vertebral body 
and of the intervertebral space obtained by hyperextension reestablishes 
the preinjury anteroposterior spinal curves. This restoration is only 
lxmtally maintained in a high percentage of cases (84 per cent in this 
series ) through the loss of some or all of the intervetebral disk It is 
also apparent that a large proportion (65 per cent in this series) of these 
pauem, with correction return to preinjury activities, free from svmp- 
to m m from two to fourteen months in spite of this loss. This bespeaks 
a ugh degree ot adaptability of the back as a whole to whatever loss in 
statics narrowing of the disk produces. 




4 mos. Yes Maintained Al)ont % 
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rogers-fractures of vertebral bodies 

The nature of the adaptive changes indicates, however, an effort on 
the part of the tissues to establish an ankylosis at the site of injury 
which, as shown by roentgenogram, seems not infrequently to be suc- 
cessful If such effort is uniformly and demonstrably inadequate, the 
need of help, as by spinal fusion, is indicated. Furthermore, the increase 
in the anteroposterior spinal curves resulting from the loss of the disk 
leaves a mechanical situation which is to some degree less sound and to 
which the patient must always accommodate himself in the future. 

The results in these cases, at least over a period of from two to five 
years, lead one to believe that such practice is not indicated as a routine 
procedure. When permanence in an almost complete restoration of 
mechanics is desired, the procedure should be limited to fusing the 
corrected vertebra to its fellow opposite the disk whose narrowing is 
inevitable. 

Operative spinal fusion following correction and before much nar- 
rowing of the disk occurred resulted in the permanence of most of the 


Table 7. — Data on Patients Who Have Not Returned to Preinjury Activities 


Case 

Correction 

Reason 

2 

Almost complete 

None attempted 

Cannot find tvork 

0 

loir backache 

20 

Almost complete 

Painful hallux rigidus and fused ankles; is a 
steeplejack 

23 

Almost complete 

Too early (9 months) 

28 

Partial 

Because of litigation 


intervertebral space in four cases in this series which would otherwise 
have been lost. In these cases the postreduction mechanics of the back 
have remained practically constant throughout two, four and four and 
a half years, respectively (figs. 5 and 9) . Its practice should not unduly 
prolong the total convalescence, but recumbence will be considerably 
lengthened in cases otherwise suited to jacket and ambulatory care. Its 
advantages in preserving better mechanics must be weighed against 
the disadvantages of added cost, a period of hospitalization, the risk of 
operative intervention and the possible detriment to the patient’s morale 
I believe it was definitely indicated only in cases partially corrected in 
group 4 (the fracture-dislocation group), and possibly in group 3. In 
such cases, it should be practiced with the spine in extension and the 
fusion made to include that vertebra above whose superior surface is 
parallel with the inferior surface of the fractured vertebra, or the one 
below, if the inferior intervertebral space is narrowed (usually four in 
nil). Six months should be allowed for the completion of the fusion 
Intcnsne corrective exercises are then essential, if freedom from back 
ac re is to be assured. The deep lumbar lordosis, habitual after six 

formed. tCd ’ ^ ^ ** 0356 in wWch no is per- 
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SUMMARY 

h Recent fractures of the vertebral body can be corrected so as to 
reestablish preinjury mechanics of the back (96 per cent in this series). 

2. Recent fracture and dislocation are more difficult of reduction 
(40 per cent in this series). 

3. Part of this correction is usually lost (84 per cent in this series) 
through the ultimate gradual narrowing of the injured intervertebral 
disk. 

4. The back is capable of a remarkable degree of adaptability to this 
change (65 per cent returned to preinjury activities in eight and a third 
months, as an average, and remained free from symptoms). 

5. Reorganization or union of bone occurred in all cases, and is prob- 
ablj’ fully adequate in from two to seven months in most cases. 

6. Correction may be lost through inadequate fixation. 

7. The mechanics of correction through hyperextension are demon- 
strated. 

S. The risk of injury to the cord through hyperextension is probably 
confined to cases of fracture and dislocation, and is probably not great, 
with care, in these. 

9. Passing interruption of function of the cord occurred during 
hyperextension in one case of fracture and dislocation and manifested 
itself as a loss of reflexes and a motor paralysis of the lower extremities 
for several days. 

10. Complete bridging of bone across the intervertebral region occurs 
in a large number of cases (42 per cent in this series) and may be 
apparent as early as four months and up to four and a half years. 

11. Spinal fusion in extension is indicated in cases of fracture with 
dislocation when adequate correction cannot be obtained. 
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All clinicians agree that the diagnosis of appendicitis must rest on 
an interpretation of the clinical history and the physical signs rather 
than on a laboratory test. However, surgeons have often been impressed 
with the lack of correlation between the clinical manifestations of 
appendicitis and the observations at operation and the microscopic 
pathologic aspect of the appendix. Any laboratory test which aids in 
preoperative differentiation between inflammatory and noninflammatory 
conditions or which can serve as an index of the severity of the infection 
should prove of value. 

It is desirable that the stage, severity and complications of appen- 
dicitis be determined as accurately as possible before operation. This 
is particularly important in clinics where the conservative (Ochsner) 
treatment is employed in selected cases. In this connection the history 
and physical signs are of foremost importance. The duration of symp- 
toms, the change in the character, location or severity of the pain and 
the presence or absence of a mass or of generalized or localized tender- 
ness, rigidity or rebound tenderness are all factors to be studied 
critically in forming an opinion regarding the pathologic process present 
and the plan of treatment to be pursued. The pulse rate and the 
temperature provide additional information as to the severity of the 
disease. 

Widely divergent opinions have been expressed concerning the value 
of blood counts in the diagnosis of appendicitis. Disagreement is to be 
expected, as some authors have referred to the leukocyte count alone, 
others have included the Ehrlich 1 differential count, and recently more 
complete methods of examination of the blood film, such as the Schilling 
hemogram, have been investigated. There is no point in discussing the 
value of the leukocyte count alone. It is sufficient to mention that 
Finney " found a leukocyte count below 10,000 in only S per cent of a 
series of 1,162 patients including those with acute appendicitis and 
appendicitis with abscess or peritonitis. 


From the Department of Surgery, University of Minnesota. 

1. Ehrlich. L.. quoted by Harter and Lyons." 
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differential count now commonly used, which classifies cells 
no ymphocytes, monocytes, polymorphonuclears, eosinophils and 
basophils, was first formulated in 1891 by Ehrlich. In 1904 Arneth 3 dis- 
covered that the variations in the nuclear structure of the polymorphonu- 
clear leukocytes can be correlated with the severity of the disease. He 
made an extensive classification of the neutrophils according- to the 
number of lobes and their shape. In all there are more than eighty 
classes of leukocytes. This count was too complicated for routine 
clinical application, but it paved the way for further studies. In 1912 
a satis factor}' simplification of the Arneth index was devised by Victor 
Schilling. 4 He divided the neutrophils into four classes according to 
the state of immaturity of the nucleus. The four groups consist of: 
myelocytes; juvenile forms, which are the metamyelocytes of Pappen- 
heim; stab or band forms having no definite nuclear lobulations, and 
mature segmented cells. Other modifications of the Arneth count have 
been originated by Cooke, Piney and Farley. 

The surgical application of the Schilling hemogram has been the 
subject of recent papers by Yaguda, 5 Luck,® Harter and Lyons, 7 Goodale 
and Manning s and Fitz-Hugh, 9 who agreed essentially that the Schilling 
index is of more clinical value than the older Ehrlich method in detecting 
the presence, the degree and the persistence of infection. 

It is not the purpose of this article to discuss the technic of making 
the Schilling count or its biologic significance, as these subjects have been 
covered by Schilling, Bredeck, 10 Yaguda and others. An excellent but 
brief review of the Arneth count, the Schilling hemogram and other 
modifications of the Arneth count is to be found in a recent contribution 
by Fitz-Hugh, who emphasized the limitations of these methods. It is 
sufficient to state here that the Schilling hemogram is a relatively simple 
means of recording the reaction of the bone marrow to infection or to 
toxic stimuli. In this count the lymphocytes, monocytes, eosinophils and 

3. Arneth, J-, quoted by Schilling. 4 

4. Schilling, V.: The Blood Picture, St. Louis, C. V. Mosby Company, 1928. 
Studies on Schilling Count in Appendicitis, Am. J. Clin. 


Schilling Differential Blood Count in Appendicitis, Am. J- 


5. Yaguda, A.: 

Path. 1:39, 1931. 

6. Luck, J. V. : 

Surg. 19:275, 1933. _ 

7. Harter, J. S„ and Lyons, C. : Surgical Applications of the Schilling Differ- 
ential Blood Count, Surg., Gynec. & Obst, 56:182, 1933. 

8. Goodale, R. H„ and Manning, N. E.: The Schilling Index in Appendicitis, 

J Lab. & Clin. Med. 16:386, 1931. 

9. Fitz-Hugh, T, Jr.: Present Day Modifications of the Arneth Count m 

Surgical Practice: A Clinical Review, Internat. S. Digest 15:195, USi. _ 

10 Bredeck, J. F.: The Schilling Blood Differential Count m Tuber culosu, 

Am. Rev. Tuberc. 20:52, 1929. 
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basophils are listed as in the Ehrlich differential count, but the neu- 
trophils are further classified into segmented forms, stab cells juvenile 
cells and myelocytes. In infectious diseases neutrophils enter the blood 
stream in earlier stages of development than normally, so that there is 
an increase in the number of stab cells and juvenile cells, and even 
myelocytes may appear, the presence of the latter indicating a severe 
infection. The increase in the number of nonsegmented neutrophils 
in the circulating blood is referred to as a shift to the left. 

A standard normal Schilling hemogram may be found in tables 1 to 
6, but it should be noted that variations may occur in normal persons. 
Fitz-Hugh said, “We consider the normal adult non-filament 11 count 
to be between four and ten per cent of the total leukocytes and would 
not be willing to draw any weighty' deductions from a ‘shift’ of less 
than ten per cent magnitude.” 

In interpreting the blood picture the total leukocyte count, the per- 
centage of neutrophils, lymphocytes, monocytes and eosinophils and the 
degree of shift to the left must all be given consideration. The total 
leukocyte count is generally believed to be an indication of the resistance 
of the body to infection. The percentage of neutrophils and the shift to 
the left correspond to the severity' of the infection. The percentage 
of lymphocytes, monocytes and eosinophils decreases as the infection 
becomes more severe and increases as the infection subsides. 

Yaguda, from a study of 671 cases in which the Schilling index was 
correlated with the histologic observations on the appendix, concluded 
(1) that the presence of a normal percentage of immature forms rules 
out a diagnosis of appendicitis; (2) that a count of immature cells of 
less than 14 per cent indicates a mild process, probably limited to the 
mucosa; (3) that a count of immature cells of more than 14 per cent 
indicates diffuse suppurative appendicitis of increasing severity as the 
count approaches 30 per cent; (4) that a count of immature forms of 
more than 35 per cent indicates perforation with peritonitis, and (5) 
that repeated counts are of definite prognostic value. 

Although we were skeptical about the possibility' of determining the 
exact pathologic process present by the degree of shift to the left, we 
undertook the study of the blood count on a series of 107 patients to 
estimate the value of the hemogram ; as ameans of differentiating between 
appendicitis and other conditions causing pain in the right lower quadrant ■ 
as a means of differentiating simple acute appendicitis from appendicitis 
ennrf in or P^tomtis, and as a prognostic aid in serious 

Z m patients studied di nicallv br- 

other (EW.) 1 ' A ‘ C 5 3 tle bl °° d studies - Avere made by the 
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For purposes of comparison the patients were classified in five separate groups 
(tables 1 to 6). In group 1 (19 patients) were placed all those for whom the 
pathologist returned a diagnosis of inactive appendicitis. Most of the patients in 
tin's group had had recurrent attacks characteristic of appendicitis. One patient 
had no physical signs of appendicitis, but an interval appendectomy was per- 
formed on tiie advice of the referring physician. In 6 patients, tenderness in the 
right lower quadrant was the only physical sign. In 1 patient who had both 
cholecystectomy and appendectomy, it was found at operation that the symptoms 
had been due chiefly to hydrops of the gallbladder. 

In group 2 (13 patients), in which the condition was designated as “mild appen- 
dicitis,” were placed the patients who showed some slight change, such as peri- 
tonitis of the appendix, subacute appendicitis or mild acute appendicitis. It is 
recognized that there were some patients in this group for whom the diagnosis of 
appendicitis might be questioned. In others the condition undoubtedly represented 
tiie subsiding stage of acute suppurative appendicitis. 

In group 3 (41 patients) were included all those with unquestioned acute sup- 
purative appendicitis with no preoperative complications. The diagnosis was con- 
firmed by operation and by microscopic examination of the appendix. In some 
of the patients in this group the appendix had patches of gangrene, and in some 
instances tiie peritoneal cavity contained clear or even turbid fluid, but none of 
the patients showed definite evidence of perforation or of peritonitis. 

In group 4 (25 patients ) were placed those who showed clinical evidence of 
local peritonitis or formation of an abscess. Conservative treatment was the rule 
in this group. However, all but 1 patient ultimately had either an appendectomy 
or drainage of an abscess. 

In group 5 (9 patients) were included the patients with general peritonitis. 
One patient was operated on elsewhere seven days previous to admission to the 
University of Minnesota Hospital. She had diffuse peritonitis at the time of 
admission. Another patient had perforation at operation, with free pus in the 
peritoneal cavity. Operation was deferred in all the other cases. The only deaths 
in the entire series were the 3 which occurred in this group. The diagnosis of 
peritonitis complicating appendicitis was confirmed at necropsy in 2 of the 3 fatal 
cases, and in the third there was diffuse peritonitis, appendectomy having been 
performed elsewhere. 

At least one Schilling count was made on each patient in the series. The 
count was usually made immediately on admission to the hospital. Repeated 
counts were made on some of the patients, particularly on those haying abscess^ or 
peritonitis, so that the Schilling hemograms could be correlated with the clinica 
progress. 


OBSERVATIONS 

The age of the patient, the duration of symptoms, the temperature on admission, 
the pulse rate and the Schilling hemogram are tabulated (tables 1 to ). a*' 

mum, minimum and average values are given. The terms max, mum and I m 
refer to the highest and lowest values under each heading, not to the g 
lowest recorded for any one patient. 

Group 1 (table i/— The average leukocyte count, the average 

neutrophils and the average Schilling count m this group w <j re of 

limits. In only 6 of the 19 patients were the nonsegmented forms in excess 

10 per cent. 



Table 1 fcr P.Hc.l ■» Cr,»P I, 



Age, 

Tears 

Duration o! 
Symptoms 

Temperature, 

E. 

mu? <3 
IVaU 


59 

SO days 

59.S 

97.4 

9S.G 

120 


12 

10 hours 


Average 

20 

5 days 



White 

Blood 

Cells 

Standard 7 to 9,000 
Maximum 13,600 

Minimum 6,130 

Average 9,576 


Schilling Hemogram 

Baso- Eosino- Myelo-- Jure- Stab 
phils Phils cytes niles Cells 

Otol 2 to 4 0 Otol 3 to 5 

1 12 1 5 21 

0 0 0 0 s 


Total 

Pa!v. 


Seg- 

Lym- 


Poly- 

mented 

pho- 

Mono- 

morpho- 

Cells 

cytes 

cytes 

nuclear.? 

51 to 67 

21 to 35 

4 to £ 

31 to 72 

76 

51 

2 

so 

ST 

19 

0 

46 

00 

27 

0.5 

70 


The high leukocyte count with neutrophils and the shift to the left noted in 
some of the patients who had no demonstrable pathologic process in the appendix 
was probably due to the fact that the s.vmptoms and signs were caused by some 
infectious process other than appendicitis. The Schilling count in this group was 
not always of value, because it could not be used to differentiate appendicitis 
from some other mild infection. However, it is worth while to notice that the 
shift to the left was usually slight if present. In some instances the Schilling 
hemogram was normal when leukocytosis was found to be present. Therefore 
the hemogram correlated more closely than the total white cell count with the 
appendical pathologic process. The following observations on 2 patients are 
examples : 



White 

Blood 

Baso- 

Eosino- 

Myelo- 

Juve- 

Stab 

Seg- 

mented 

Lym- 

pho- 

Mono 

Total Poly- 
• morpho- 

Patient 

Celts 

phils 

phils 

cytes 

niles 

Cells 

CeUs 

cytes 

cytes 

nuclears 

I.F. 

12,000 

0 

0 

0 

0 

3 

65 

31 

1 

6S 

L. L. 

13,600 

0 

1 

0 

1 

5 

74 

19 

0 

£0 


Two patients in this group had eosinopbilia. One, with 7 per cent eosinophils, 
had psoriasis, and the other, with 12 per cent eosinophils, vomited an ascaris 
following the appendectomy. 


Group 2 (table 2 ). — The patients with mild appendicitis had average leukocyte 
counts and average neutrophil counts within the range of normal. The Schilling 
hemogram showed great variation, but the average count exceeded the upper limit 
of normal. Of the individual counts, 6 showed more than 10 per cent nonseg- 
mented cells and 7, 10 or less. One patient in tin’s group had a definite shift to 
the left, with 21 per cent stab and 6 per cent juvenile cells. This patient- was 
reported to have peritonitis of the appendix. It is difficult to correlate the clinical 
and pathologic observations in this heterogeneous group, but it may be said that 
the pathologic evidence of appendicitis was not always conclusive and the changes 
in the blood picture were usually slight or absent. 


Group 3 (tabic 3 ).~ The correlation between the blood picture and the demon- 
strated pathologic changes was striking in this group of 41 patients with acute 
suppurative appendicitis. Thirty-eight had total leukocyte counts over 10 000 and 
! ’ ad m0rC than ' 5 per cem of ^utrophils. In 3 patients there were fewer’ than 
H , pCr CCt * 0f n _ on5C S men ted neutrophils. Only 1 patient had a normal blood 
j ' C c r eS< T 01 Ah Th!S Was a pat!ent with subsiding appendicitis 

aher the “ ^ ** " the hospital ** ^ys 
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In the case of 0. S. the Schilling hemogram was of more significance than 
the white blood cell count or the percentage of neutrophils. 


White 

Blood Baso- 
Cells Phils 

10.000 0 


Eosino- Myelo - 
phils cytes 


Jure- Stab 

niles Cells 

3 21 


See- Rym- 

mcnted pho- 

Cells cytes 

51 IS 


Totnl Poly- 
Mono- niorplio- 
cytes nuclcnrs 

3 77 


The following count is an example of the unreliability of the leukocyte count 
alone. The patient, S. S, postoperatively became seriously ill with signs of peri- 
tonitis. The increased shift to the left was a much more accurate index of the 


clinical course. 

The patient 

recovered. 






White 
Blood 
Date Cells 

Baso- Eosino 
phils pbits 

■ Myelo- Juvc- 
cytes niles 

Stab 

Cells 

Seg- 

mented 

Cells 

Lym- 

pho- 

cytes 

TotulPoly- 
Mouo- motpha- 
cytes nuclears 

4/2S 13,250 

0 0 

0 4 

35 

74 

7 

0 

03 

Immediate operation on 4/2S 

5/1 S.SOO 0 0 

0 2 

40 

49 

0 

0 

91 


Experience with the Schilling hemogram in acute suppurative appendicitis 
indicates that a decided shift to the left may occur when the total leukocyte count 
and the total neutrophil count are normal. On the other hand, in some instances 
definite leukocytosis may he present when the Schilling count is not significantly 
altered. If a complete study of the blood is made, some alteration of the blood 
picture indicating the presence of infection will almost always be found in the active 
stage of acute suppurative appendicitis. 


Table 4. — Readings jor Twenty-Five Patients in Group 4 with Appendicitis with 
Local Peritonitis or Abscess 


Age, Duration oi Temperature, Pulse 

Tears Symptoms P. Rate 


Maximum 71 30 days 102.6 130 

Minimum 7 20 hours 9S.0 CO 

Average 37 0 Says 100.5 103 

Schilling Hemogram Total 

White Seg- Xym- Poiy- 

Blood Baso- Eosino- Myelo- Juve- Stab mented pho- Mono- morpho- 

Cells phils phlis cytes niles Cells Cells cytes cytes nuclears 

Standard 7 to 0,000 0 tot 2 to 4 0 Otol 3 to 5 51 to 67 21 to 35 4 to S 54 to 72 

Maximum 29,050 1 2 4 5 44 SI 40 2 95 

Minimum 0,400 0 0 0 0 9 37 3 0 59 

Average 17.43S 0.04 0,2 0.4 2 20 00 13 0 0 SO 


Group 4 (table 4 ).— Great variations were noted in the leukoevte count, in the 
total number of neutrophils and in the degree of shift to the left in the patients 
of this group. This was to be expected, as the group included patients with 
various stages of local peritonitis and formation of abscesses. Only 2 patients had 

Phils "°T| tC ° f cT-n - 1311 . 10 ' 00<3, and 4 had a normal percentage of neutro- 
phils. Three had a Schilling hemogram showing less than 10 per cent of non- 

.egmented forms, but m these the duration of the disease varied from two weeks 
to more than a month. weeks 
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Bate 

G/29 
<! i 

?/ s 
V a 
7/12 


White 

Wood 

Cells 

11,000 

G.f.jO 

10,000 

11,100 

r.noo 


Unso- Koslno- Alydo- ,7uve- 
pl'ils Phils cytcs niles 


0 

0 

0 

0 

0 


0 

0 

0 

0 

0 


0 

1 

3 

0 

0 


4 

0 

0 


Stab 

Cells 

Seg- 

mented 

Cells 

Lym- 

pho- 

cytes 

Total Poly- 
Mono- morpho- 
cytes nuclears 

34 

47 

S3 

20 

5S 

39 

46 

G 2 

7 

10 

12 

17 

0 

1 

0 

1 

93 

69 

86 

82 

G 

50 

36 

3 

61 


UooT abSCCSS *“ dra " 1Cd ° n Jt, ' y U 0ne day after the last examination of the 

The two hemograms which were taken on 1 patient (F. S.), one on his first 
admission to the hospital when he had an appendical abscess and the other a 
month later when he returned for appendectomy, were as follows : 

White 
Blood 
Date Cells 


3/C 

4/4 


11,900 

6,600 


Bnso- Eosino- Myelo- jure- 
Phils phtls cytcs niles 

0 14 4 

0 0 0 o 


Stab 

Cells 

26 

10 


Seg- 

mented 

Cells 


37 

61 


lym- 

pho- 

cytes 

26 

28 


Total Poly- 
Mono - morpbo- 
cytes nuclears 


71 

n 


The white cell count was elevated in the first instance, but if an Ehrlich differ- 
ential count had been done a mild infection would have been indicated. In this 
case the Schilling count was a much more accurate index of the severity of the 
patient's condition. 

The great variations noted in this group confirm rather than oppose the idea 
that a shift to the left is related to the severity of the infection, as it was only 
in old subsiding conditions that normal counts were obtained. The counts showing 
the highest number of nonsegmented neutrophils were invariably in patients in 
the acute stage of local peritonitis or formation of an abscess. Some of the 
abscesses were drained subsequently. Some patients had appendectomies after sev- 
eral weeks of conservative treatment, and usually at operation there were numerous 
adhesions indicating previous peritonitis. 


Table 5. — Readings for Nine Patients in Group 5 with Appendicitis with 

Diffuse Peritonitis 






Age, 

Duration of 

Temperature, 

Pulse 





Tears 

Symptoms 

F. 


Rate 

Maximum. 




50 

10 days 

102.4 


140 

Minimum. 




5 

56 hours 

9S.0 


92 

Average... 




25 

5 days 

100.9 


117 


White 



Schilling Hemogram 



Total 





Sag- 

Lym- 


Poly- 


Blood 

Baso- 

Eosino- Myelo- Jure- 

Stab roented 

pho- 

Mono- 

morpho- 


Cells 

Phils 

phils 

cytes niles 

Cells Cells 

cytes 

cytes 

nuclears 

Standard 

7 to 9,0 00 
37,800 

0 to 1 

2 to 4 

0 0 to 1 

3 to 5 51 to 67 

21 to 35 

4 to 8 

54 to 72 

Maximum 

0 

1 

3 7 

55 73 

24 

5 

05 

Minimum 

5,450 

G 

0 

0 2 

23 15 

5 

0 

76 

Average 

14,950 

0 

0.1 

0.9 4 

40 44 

10 

0.7 

SO 


Group 5 (table 5 ). — The Schilling counts on the 9 patients with diffuse peri- 
tonitis showed a marked shift to the left, although in some instances the total 
number of leukocytes was normal. In this group the blood picture invariably 
indicated a severe infection at some period of observation. 
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The patient died the following day 


The blood count was : 


White 

Blood 

Cells 

6,000 


Myelo- 

cytes 


Juve- 

niles 


Stab 

Cells 


Seg- 

mented 

Cells 


15 


Lym- 

pho- 

cytes 

24 


Totniroly- 
Mono- morpho- 
cytes nuclenis 
0 7C 


Baso- Eosino- 
phils Phils 

Stis (J ‘ After operation he showed signs of diffuse peritonitis, but he ultimately 
recovered. The hemograms were: 


Date 
7/27 
8 / 3 
8/12 
8/21 


White 

Blood 

Cells 

15,650 

7,550 

13,300 

7,300 


Baso- 

phils 

0 

0 

0 

0 


Eosino- 

phils 

6 

0 

0 

0 


Myelo- 

cytes 

0 

0 

1 

0 


Juve- 

niles 

4 

4 

0 

1 


Stab 

Cells 

23 
47 

24 
12 


Seg- 

Lym- 

mented 

pho- 

Cells 

cytes 

68 

5 

29 

20 

61 

14 

6S 

19 


Total Boly- 
Mouo- morpho- 
nuclenrs 

03 
£0 
86 
81 


cytcs 

o 
o 
0 
0 


Three deaths occurred in inn giuuy. 

to the left, but no difference could be detected between the counts on those who 
survived and those who died. The series of counts for E. C. shows that survival 
mav occur, even when the Schilling hemogram indicates a bad prognosis. 

E. C-, aged 39 years, was admitted on June 21, 1933, with a history suggesting 
appendicitis with perforation of the appendix. The clinical picture was that of 
diffuse peritonitis. The patient was treated conservatively. On July 5 and 
September 5 pelvic abscesses were drained. The hemograms were: 


White 

Blood 


Date 

Cells 

6/22 

5,450 

6/23 

4,850 

6/27 

13,150 

6/30 

14,100 

13,250 

7/ 3 

7/ 7 

11,200 

7/12 

9,350 

7/17 

19,000 

7/31 

9,750 

6/12 

12,000 

8/19 

9,150 


Baso- 

phlls 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 


Eosino- 

Myelo- 

Juve- 

Stab 

Seg- 

mented 

Lym- 

pho- 

Total Boly- 
Mono- morpho- 

phils 

cytes 

niles 

Cells 

Cells 

cytes 

cytes 

nucieats 

0 

0 

4 

47 

37 

12 

0 

SS 

0 

3 

6 

47 

29 

15 

0 

85 

l 

0 

4 

31 

51 

13 

0 

$6 

1 

0 

6 

45 

30 

12 

0 

87 

0 

1 

7 

53 

27 

12 

0 

ss 

1 

0 

5 

29 

4S 

17 

0 

82 

1 

0 

2 

12 

61 

22 

2 

75 

0 

0 

4 

20 

63 

13 

0 

87 

0 

0 

1 

34 

4S 

17 

0 

S3 

0 

0 

4 

33 

40 

23 

0 

77 

o 

0 

3 

20 

42 

33 

0 

65 


The patient was dismissed from the hospital much improved after drainage of 
the two abscesses. 


T/velc 6. — Comparison oj the Averages of Schilling Count, Pulse Rate and 
Temperature of the Five Groups 


O 




R 

C 

5 



Standard 

7 to 9.000 0 tol 

2 to 4 

0 

Otoi 

Croup 1 

9,576 

0.03 

2.0 

0.03 

1 

Croups 

?,oST) 

0.4 

0.9 

0.0 

o 

Croup r. 

15,310 

0.02 

9.2 

0.3 

o 

Croup 4 

17,458 

0.04 

0.2 

0.4 

2 

Group 3 

14,9X1 

0.0 

0.1 

0.9 

4 


to 5 51 to 67 

21 to 25 

2 to 4 54 to 72 

98.6 

8 60 

27 

0.5 

70 

9S.6 

10 58 

25 

OS 

70 

99.2 

17 63 

16 

0.5 

83 

99,6 

20 60 

IS 

0.6 

86 

100.5 

40 44 

10 

0.7 

89 

100.9 


ps 

o 

5 C 

rri 

SO 

85 

93 

95 

117 



TAtiir. 7. Temperature on Admission to the Hospital 


99 1’. or under 

Group 1 , 

10 Pntlents 

Group 2, 

13 Pntlents 

Group 3, 

41 Pntlents 

Group 4, 

25 Patients 

Group 5, 

9 Patients 

93.1 to 100 F 


10 

14 

5 

1 

100.1 to 101 F 


1 

15 

G 

0 

10U to 102 F 


1 

1 

10 

4 

3 

102.1 to 103 F 


1 

S 

3 




0 

1 

2 
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I able 8. Pulse Rate on Admission to the Hospital 



Group 1, 

Group 2, 

Group 3, 

Group 4. 

Group 5, 


• 19 Patients 

13 Patients 

41 Patients 

25 Patients 

9 Patients 

SO or less 


1 

10 

1 
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Si to 100 


10 

19 

13 

4 

101 to 120 

0 

2 

S 

9 

1 

121 to 140 


0 

4 

2 
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COMMENT AND SUMMARY 

In this study we found an increase of the average shift to the left 
for each succeeding group of patients, beginning with the patients with 
an inactive appendix and ending with those with acute appendicitis and 
diffuse peritonitis. Variations of the blood picture occurred within each 
group, but in a general way they corresponded with the clinical variations 
which also occurred within each group; that is, when the appendicitis 
was clinically mild or subsiding the blood counts approached more 
nearly the normal and when the disease was active and more severe 
greater shifts from the normal occurred. We do not propose to attempt 
to diagnose appendicitis or to differentiate its stages or gage its severity 
entirely on the number or percentage of any type of blood cell, but 
we believe that when considered with the history, physical signs, tem- 
perature and pulse rate, the Schilling differential blood count is of 
real value in differentiating between inflammatory and noninflammatory 
conditions and in estimating the severity of the disease. In this respect 
it is decidedly of more value than the leukocyte count alone, and it is 
also of more value than the Ehrlich differential count. 

In tables 1 to 6 are given the maximum, minimum and average 
temperature and pulse rate (recorded on admission to the hospital for 
comparison with the hemogram) . In tables 7 and 8 is given more detailed 
information regarding the temperature and pulse rate of the patients in 
the various groups. Both the temperature and the pulse rate showed great 
variation, and the temperature especially was unreliable in providing 
evidence of the presence of infection or in enabling one to judge the 
seriousness of the infection present. The pulse rate appeared to be a 
slightly better index of the severity of the infection but as 29 of 41 
patients in group 3, 14 of 25 patients in group 4 and 4 of 9 patients m 
group 5 had a pulse rate of 100 or less, and as some patients in each 
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of the three groups had a pulse rate over 120, the pulse rate cannot be 
called a delicate test of the severity of the infection. It is our opinion 
that the Schilling hemogram is of greater independent value than either 
the temperature or the pulse rate in estimating the severity of the 
infection present. 

conclusions 

The Schilling hemogram is superior to the total leukocyte count and 
to the Ehrlich differential count in estimating the presence or severity of 
infection. 

In appendicitis the Schilling hemogram is a better index of the 
severity of the disease than either the temperature or the pulse rate. 

A marked shift to the left may indicate a bad prognosis, but not 
necessarily a fatal one. Some patients who survived showed greater 
shifts than others who died. 

In clinics where conservative treatment is employed in appendicitis 
with perforation or in subsiding appendicitis, the Schilling hemogram 
should be an aid in determining the stage and severity of the disease 
and in following its progress. 
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I lie jcmoval of a portion of the occipital bone has become a well 
established and frequently used surgical method of approach in opera- 
tions on certain of the cranial nerves. The posterior cranial fossa is 
opened on the side indicated, and the roots of the nerves may be identi- 
fied as the}' pass from the brain toward their exit through the dura 
mater and the cranial foramina. 

.The sensory root of the trigeminal nerve may thus be exposed and 
sectioned for the relief of tic douloureux. For a similar intense glos- 
sopharyngeal neuralgia, the ninth cranial nerve may be reached and cut. 
By the same route the vestibular portion of the acoustic nerve has been 
divided to provide relief from the intolerable vertigo of Meniere’s 
disease. 


In all of these procedures surgeons have encountered certain hazards 
and complications which have added considerably to the difficulty of 
performing the operation successfully. One of the most serious dan- 
gers is that of hemorrhage due to the cutting or the injuring of a blood 
vessel which may lie either on the nerve to be sectioned or in close 
proximity to it. 

Arteries not described in the ordinary textbook of anatomy are some- 
times encountered lying on the nerves which are to be divided. In other 
cases large arterial trunks may exhibit flexures which bring them into 
the field of an operation in which they are not usually present. Here 
they ma}' provide obstructions which prevent the surgeon from obtaining 
a clear route to the structure he wishes to reach, and they are in serious 
danger of being wounded. They may, of course, be ligatured or clipped, 
but no surgeon voluntarily disposes of them in this manner, as he may 
immediately precipitate serious symptoms by the deprivation of a part 
of the brain of its blood supply. In saving the artery from injury, he 
may encounter considerable added difficulty in performing the operation 


successfully. . 

Recognizing the conditions just enumerated, we undertook an inves- 
tigation of the variations of the arteries lying in the posterior crania 
fossa. Extensive work has been accomplished, the results of w 
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are later to be published in full. It was thought desirable, however, to 
report in a separate paper the facts referring to the relation of the 
arteries and the nerve roots which we had obtained, since this informa- 
tion is of special value to the neurologic surgeon. 

The observations recorded in the present paper are the results of 
the study in approximately sixty cases of the arteries supplying the 
hindbrain. Thirty-five brains were obtained from bodies in the dissect- 
ing room ; the rest were secured at autopsy and were immediately pre- 
served in a dilute solution of formaldehyde. The material used was in 
good condition. Since records were made only of the vessels which 
could be followed definitely and accurately, a complete record of all of 
the arteries of each brain was not made. 

We observed, as has been previously noted by many other workers, 
that the right and the left vertebral artery were frequently unequal in 
size and unsymmetrical in course. The level of their union to form the 
basilar artery varied considerably, from the normal position at the lower 
limit of the pons to one a few millimeters above or 1.5 cm. below this 
location. The length of the basilar artery thus varied considerably. 
Variations also appeared in its course; it was sometimes curved or 
tortuous to a marked degree and was displaced from the median line. 
All of these changes have been frequently noted before. As they are 
not of such immediate clinical application to surgical procedures with 
nerve roots as are the other observations reported in this paper, no 
detailed description of them will be given here. 


INVESTIGATIONS 

The relation of the blood vessels to the roots of the cranial nerves 
in the posterior cranial fossa is reviewed in the order of the occurrence 
of the nerves, beginning with the fifth or trigeminal nerve. 

Trigeminal Nerve . — A constant branch arising from the anterior part 
of the basilar artery was observed coursing transversely across the 
pons and passing to the ventral surface of the sensory root of the tri- 
geminal nerve. This vessel (figs. 4, 6, 7, 8, 9 and 10) was sometimes 
of considerable size. Stopford 1 also noted it in many of his prepara- 
tions. Being situated ventral to the nerve root, it is sheltered and is not 
visible to the surgeon. Thus it is in danger of being divided with the 
nerve in an operation for the relief of tic douloureux, which involves the 
division of the entire sensory root of the fifth nerve. This artery 
apparently supplies the nerve root and the semilunar ganglion The 
vessel is not mentioned in the textbooks; we therefore suggest the term 
“trigeminal artery.” 


1. Stopford, J. S. B.: The Arteries of the Pons and r».i 

J. Aunt. 5: Physiol. 50:131 and 255, 1915-1916. ongata 
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Fig. 1. Key sketch showing inferior surface of cerebellum, pons and medulla 
oblongata with roots of third to twelfth cranial nerves. 

Fig. 2. Idealized scheme of vertebral and basilar arteries and their branches, 
based on textbook descriptions. Arterial branches are equal and symmetrical; 
internal auditory artery is shown arising on basilar ; anterior inferior cerebellar 
artery crosses ventral to roots of abducens, facial and acoustic nerves, and pos- 
terior inferior cerebellar artery, on its way to cerebellum, passes ventral to roots 
of glossopharyngeal, vagus and accessory nerves or through interval between 
latter two. In this diagram and in figures 3 to 10, R denotes the right side and 
L, left side. Arteries are designated as follows : A.I.C. is anterior inferior cere- 
bellar; B., basilar; LA., internal auditory; P., pontile; P.C., posterior cerebral; 
P.I.C., posterior inferior cerebellar; S.C., superior cerebellar; Tr., trigeminal, and 
V., vertebral. 

Figs. 3 to 10. — Arterial relations noted in cases studied. Diagrams illustrate 
all possible positions of internal auditory, anterior inferior cerebellar and posterior 
inferior cerebellar arteries. Trigeminal artery is shown in several instances. Com- 
plete descriptions of these arteries and their relations to nerve roots are contained 
in the text. 
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pig. n. —Eight positions relative to roots of facial, intermediate and acoustic 
nerves which may be assumed by internal auditory artery in its course to internal 
auditory meatus. Numerals indicate relative frequency of each position as noted 
in sixtv-four cases. 

Fig. 12. — Relation of anterior inferior cerebellar artery to roots of facial, inter- 
mediate and acoustic nerves. Artery may run ventral to (a), dorsal to (b) or 
in loop about (c) nerve roots ; it may pass from ventral to dorsal surface between 
intermediate and acoustic nerves (d), or from dorsal to ventral surface in between 
intermediate and acoustic nerves (c). 

Fig. 13.— Relations of anterior inferior cerebellar artery to root of abducens 
nerve. In a, artery lies ventral to nerve; in b, dorsal. 

Fig. Id. — Relations of posterior inferior cerebellar artery to roots of glosso- 
pharyngeal, vagus and accessory nerves. Artery passes : in a, from a high origin 
to cerebellum ventral to nerve roots ; in b, from a low origin in a loop ventral to 
nerve roots; in c, from a high origin superior to glossopharyngeal nerve, cross- 
ing it nn way to cerebellum, and in d from a low origin, as a loop on way to 
cerebellum in concavity of which nerve roots are contained. In either of last two 
positions artery may press on ninth nerve and be in danger during operation on 
this nerve. 
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Just dorsal to the nerve root, and often as well somewhat lateral to 
, is a van which passes from the superior surface of the cerebellum 
o le superior petrosal sinus. This vein is in the direct route of the 
surgeon, and prevents perfectly free access to the root of the nerve. 

Ivecently a case has come to our notice which ended fatally after 
section of the sensory root of the trigeminal nerve. At operation a 
sudden hemorrhage occurred immediately following the avulsion of the 
nerve root with a blunt hook. The bleeding was hard to control, but 
the wound was finally closed. Signs of increasing intracranial pressure 
giadually developed, and the patient died in the course of a few days, in 
spite of the remedial measures, which included a second operation 
revealing an extensive blood clot surrounding the medulla and pons. 

Ihe postmortem examination led to the conclusion that the main 
stem of the anterior inferior cerebellar artery had been torn, presumably 
because it possessed an unusually large loop which had allowed it to be 
picked up with the nerve. The main stem of the artery was filled with 
a solid clot and was separated from its origin on the basilar artery. The 
vessel was also embedded for some distance in the large clot which had 
formed at the base of the brain. 


Abduccns Nerve . — Section of this nerve is never indicated, since it 
is made up wholly of motor fibers. It lies very near the midline and 
is crossed by the main trunk of the anterior inferior cerebellar artery. 
In most cases this crossing lies close to the surface of the brain, but 
sometimes the artery is rather tortuous and forms a loop which extends 
farther out on the nerve. The artery may lie either dorsal to (figs. 
4 L and SR) or ventral to (figs. 4 R, 5 and 6) the nerve. 

When the artery lies dorsal to the nerve it may exert pressure. Both 
Cushing 2 and Stopford 1 have suggested this as a cause of paralysis of 
the sixth nerve. In one case we found the nerve situated in a tight loop 
(fig. 9L) formed by the tortuous crossing of the anterior and the pos- 
terior inferior cerebellar artery just lateral to the nerve. Such a i ela- 
tion, it seems, might easily result as Stopford has suggested. 

We observed that the dorsal position of the artery was encountered 
in twenty-four cases and the ventral position in forty-seven. These 
figures give a much higher proportion of cases with the artery in t e 
dorsal position than those cited by Stopford, who noted this arrange 
ment on the right side in 14 per cent of his cases and on the e t m 
19 per cent. 

Facial, Intermediate and Acoustic Nerves. Since the roots of t icse 
three nerves arise close to each other and all of them pass out to D c ier 
to enter the internal auditory meatus, their relations to the blood vessels 

are considered as a unit. 


ToSing, Harvey: S.ra„g«la,io„ of the 
Branches of the Basilar Arteries m Cases of Brain Tumours, Br 
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The artery which is constantly associated with this group of nerve 
roots is the internal auditory. The artery supplies not only the nerve 
roots but the sense organs of the internal ear, namely, the cochlea, ti c 
saccule, the utricle and the semicircular canals. It is therefore extreme y 
important that the artery should not be wounded. 

Its protection would be easily insured if it were as constant m posi- 
tion as one is led to believe from the descriptions in the various text- 
books. It is described as coursing medially to the facial nerve and 
therefore in a safe location, since the only nerve section performed on 
this group of roots is that of the more lateral half of the acoustic ner\c, 
which contains the fibers of the vestibular portion. 

As a matter of fact, the internal auditory artery is extremely variable 
in its position, and in some of these locations it is in distinct danger. W e 
have noted it passing in company with the nerve roots to the internal 
auditory meatus in eight distinct positions (fig. 11), which may be listed 
as follows: 


A. Ventral positions 

1. Medial to the facial nerve (figs. 3L, 4 R, 6R, 8 L and 107?) 

2. Between the facial and the intermediate nerve (figs. 5L and 10 L) 

3. Between the intermediate and the acoustic nerves (figs. 5 R and 8 R ) 

4. Lateral to the acoustic nerve (fig. 7 R) ' 

B. Dorsal positions 

5. Medial to the facial nerve (figs. 3R and 6L) 

6. Between the facial and the intermediate nerve (figs. 9 R and 9 L) 

7. Between the intermediate and the acoustic nerve (fig. 4Z.) 

S. Lateral to the acoustic nerve (figs. 3 R and 7 L) 


It is to be noted that in the positions dorsolateral and ventrolateral 
to the acoustic nerve the artery lies directly on that part of the nerve 
which the surgeon wishes to cut. The artery is therefore placed in 
danger, and the difficulty of the operation considerably increased. In 
fhe of a total of sixty- four cases, the internal auditory artery was 
observed to he situated in such a position of danger (fig. 11). 

e also found that in six of the cases the internal auditory artery 7 
"as double (figs. 3 R, SR and SZ-) . In these instances one vessel was 
usually related to the facial and the other to the acoustic nerve. 

The origin of the internal auditory artery 7 is of special interest. The 
textbooks describe this vessel as a separate and independent branch of 
the basilar artery (fig. 2). In Italy this seems to be the more common 
ongm, as appears in the work of Cavatorti 3 who found that the artery 7 
arose m tins manner on the right side in 70 per cent of his cases and on 
the kit m 6 / per cent. Working in two such widely separated regions 


dctVcnccfnlo nelVuomo. Monitore ^ ^ 

Fcrncfir. d. Aunt. u. Emwcklngsgcsch. 14:296. 1903 ’ b * ’ J hresb ' lL d - 



ARCHIVES OF SURGERY 


as Jingland and Japan, however, Stopford 1 and Adachi J noted indepen- 
dently that m the great majority of cases the internal auditory artery 
is a branch of the anterior inferior cerebellar artery and is given off 
as tlie latter vessel crosses the region of origin of the facial and of the 
acoustic nerve. In this investigation we found only three cases in 
which the internal auditory artery arose independently from the basilar 
(fig. 3L). In all of the other cases it was a branch of the anterior 
inferior cerebellar artery (figs. 3 to 10). 


We also noted that the main trunk of the anterior inferior cerebellar 
artery was in constant relation to the roots of the facial, the intermediate 
and the acoustic nerve. The artery is a branch of the basilar artery; 
it courses over the pons and passes the roots of the three nerves just 
mentioned to gain the under surface of the cerebellum. The vessel may 
lie in contact with either the dorsal (figs. 3R and 9 R) or the ventral 
(figs. 4, 5, 6 R, 7 R and 10 R) surface of the nerves; it gives off the 
internal auditory artery in one of the positions previously listed in the 
description of that vessel. 

The anterior inferior cerebellar artery usually lies close to the sur- 
face of the brain and so does not interfere with the operation of 
dividing the vestibular part of the acoustic nerve. This is not always 
true, however, since the trunk of the artery sometimes lies far out from 
the brain on the nerve roots. Instances were seen also in which the 
artery rose in a loop (figs. 4 L and 7 R) some distance out on the nerve 
roots as it passed them. In a few cases the loop extended out far 
enough to come into contact with the petrous bone. In this position 
the vessel presents a distinct hazard, and, since it is of considerable 
size and supplies a large portion of the cerebellum, its injury, with the 
consequent application of ligatures or clips, is definitely to be avoided. 

We have seen this vessel pass from the ventral to the dorsal surface 
of the nerves to which it is related by passing through the interval 
between the facial and the intermediate nerve (fig. 9 L) or in a similar 
manner between the intermediate and the acoustic nerve (figs. 8 an 
10 L). Sometimes the passage is made in the reverse direction, that is, 
from the dorsal to the ventral surface through the same interva s 
(fig. 6L). 

In the cases in which the anterior inferior cerebellar artery passes 

between the nerve roots of the intermediate and the acoustic nerve it 

is held firmly in position and is difficult to move aside. This passage 

is sometimes made far from the brain surface, close to the mouti o 

the internal auditory meatus, and thus in the region in which the 

<mon divides the vestibular nerve. 

<2 


4, Adachi, B.: Das Artericnsystem 


der Japaner, Kyoto, 1928, vol. 1, P- 09 - 
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In conversation with Dr. Kenneth G. McKenzie, we learned that 
he has met cases similar to those cited and that they were a source 
bewilderment, since he could find in the textbooks no mention of a large 
vessel the position of which corresponded to that seen at operation. 

Glossopharyngeal Vagus and Accessory Nerves .— These three 
nerves arise from an almost continuous series of rootlets emerging 
from the anterolateral surface of the medulla oblongata. After the 
addition of the spinal root to the accessory nerve, the nerves pass 
through the jugular foramen. The glossopharyngeal nerve lies 
anteromedial to the others and passes separately through the dura mater. 

Onlv on the glossopharyngeal nerve, which he divides close to the 
jugular foramen, does the surgeon operate intracranially for the relief 
of such conditions as tic douloureux. The vessels, therefore, the rela- 
tionships of which are of practical interest here are those connected 
with the ninth or glossopharyngeal nerve. 

The posterior inferior cerebellar artery chiefly holds this relation. 

It arises in the great majority of cases from the vertebral artery 
(figs. 7, 8 and 10), but sometimes from the basilar (figs. 3 R, 4 L, 6 R 
and 9 R). It often forms a loop with the convexity forward (figs. 5, 

7 R, 8 L and 9L), and it comes in contact with the ventral surface of 
the rootlets of the glossopharyngeal, vagus and accessory nerves on its 
return to tire under surface of the cerebellum. It usually lies close to 
the medulla, and frequently fails to extend as far forward as the glosso- 
pharyngeal nerve. In all such instances the vessel is not in danger. The 
textbooks state that it passes through the interval between the vagus and 
the accessory nerve to reach the cerebellum (fig. 4 L). In only three 
of the fifteen cases in which the artery occurred in the ventral position 
did we have the vessel passing through the interval between these nerves. 
In no case did the artery pass through the interval between the glosso- 
pharyngeal and the vagus nerve. 

Other cases were noted, however, in which the artery arose farther 
forward than usual (fig. 9 L) or the loop extended well forward 
(fig. 7 R), so that the vessel extended farther laterally under the nerve 
and might therefore be cut in section of the latter. 

. A P°5'tion invoking a greater hazard is that in which the artery 
arises- high on the vertebral or occasionally on the basilar artery and 
crosses superiorly (or dorsally) to the nerve on its way to the cerebel- 
lum (figs. 61? and 81?). Viewed from above, the nerve and the 
artery appear, in crossing each other, to form a figure like the letter X 
with the vessel superior and therefore in considerable danger in cases 
m \\ Inch the glossopharyngeal nerve is to be divided 

The position „! greatest dnnger to the vessel is one seen occasionally 
nt... 6 4 and 10 LI m winch the posterior interior cerebellar arte™ 
””” ™.ra, to the nerve roots and fan 
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T su P crior, y t0 ‘1 loop about the glossopharyngeal nerve. The 
niton' then passes in the opposite direction to course on the surface 
of the cerebellum. The glossopharyngeal nerve is thus contained within 
the concavity of a loop formed by the artery. The vagus and the 
accessory nerve also, of course, lie within this loop. With the artery 
arching over the nerve in this fashion, access to the nerve for the pur- 
pose of cutting it is rather difficult. Pressure of an arterial loop such 
as that just described on the ninth nerve way well be the cause of 
severe glossopharyngeal neuralgia, as surgeons have suggested. 

Hypoglossal Nerve. — This nerve is purely motor, and therefore 
intracranial section is not indicated. In this location it is also rather 
difficult of access. The vertebral artery lies inferior and anteromedial 
to the origin of the nerve. The posterior inferior cerebellar artery may 
course anterior to (on the ventral surface of) the nerve if the vessel 
arises high on the vertebral artery. This is of no practical significance. 

Comment. — In conclusion, we wish to emphasize the extreme vari- 
ability both of the origin and of the course of the arteries in the posterior 
cranial fossa. The descriptions of these vessels found in standard text- 
books of anatomy are wholly inadequate and of little aid to the surgeon 
in providing definite, detailed information on which to base his surgical 
technic. We are at present preparing a full anatomic description of 
the vessels in the region which we have studied ; this is to be published 
later. 


SUMMARY 

Those arteries of the posterior cranial fossa which have definite 
relations to the nerve roots have been described. 

Emphasis has been laid on the practical application of these relations 
to operations on the nerve roots. 

An almost constant branch of the basilar artery runs laterally across 
the pons to pass out on the ventral surface of the sensory root of the 
trigeminal nerve. The term “trigeminal artery” is suggested for this 
vessel. 

The main trunk of the anterior inferior cerebellar artery shows 
many and varied relations to the roots of the facial, intermediate and 
acoustic nerves. It lies either dorsal to or ventral to the nerve roots , it 
may loop around them or may pass between any two of them. 

In the vast majority of cases the internal auditory artery arises rom 
the anterior inferior cerebellar artery and not from the basilar arter), 

as is stated in the textbooks. . . . 

The internal auditory artery may occupy many positions as 
emerges with the nerves. It may be either dorsal or ventra to jem, 
between any two of them, medial to the facial nerve or a era 

acoustic nerve. 
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The posterior inferior cerebellar artery is in relation to the glosso- 
pharyngeal, the vagus and the accessory nerve. It may be ventral or 
dorsal to them, cross superiorly to the glossopharyngeal nerve or form a 
loop over that nerve. It may pass between the vagus and the accessory 
nerve. 

Diagrams illustrating all of the positions already mentioned are 
included. 

In the series of cases which we have reviewed, nearly all of the 
possible positions of the arteries were noted, and we have elaborated 
on them with special reference to their relations to the nerve roots and 
to the practical application of this knowledge by the surgeon. 



ACUTE APPENDICITIS IN CHILDREN 

CALEB S. STONE Jr., M.D. 

SANTA BARBARA, CALIF. 

1 lie diagnosis of acute appendicitis in children is frequently difficult 
because of the handicaps encountered in obtaining an accurate history 
and in performing an adequate physical examination. These difficulties 
may lead to the impression that there is a fundamental difference in the 
disease in children and in adults. The problem has been analyzed with 
reference to incidence, bacteriology', etiology', symptomatology', subjective 
and objective signs, mortality and factors influencing mortality in chil- 
dren in order to determine any differences there may be in the mani- 
festations of acute appendicitis in children and in adults. 

The records of 258 patients under 15 years of age admitted to the 
University of Virginia Hospital from 1925 to 1932, inclusive, which 
were tiled under the diagnosis of “acute appendicitis ” were reviewed. 
For purposes of comparison, certain figures have been drawn from a 
statistical study of the series of cases of acute appendicitis in adults, 
seen in this clinic during the same period. 


INCIDENCE 

The age, race and sex distribution for this series of cases are shown 
in table 1. No cases were encountered in children under 2 years of age. 
This emphasizes the fact that this condition is rare in infants. Abt, 1 
in 1917, was able to find reports of only 80 cases of acute appendicitis 
in children under 2 years of age. 

The incidence in this series rose gradually between the third and 
twelfth years. After this time there was a marked increase in the 
number of cases, the incidence in each of the last three years (thirteenth 
to fifteenth, inclusive) being fairly constant. In a series of 208 cases 
of acute appendicitis in children under 14 years of age studied by 
Richter, 2 the peak of the age distribution curve was noted in the tenth 
year, and there was a decided decline in the incidence in the succeeding 

From the Department of Surgery and Gynecology, University of 1 irgwta 

School of Medicine. gJ7 

1 Abt I A.: Appendicitis in Infants, Arch. Pediat. 34:641 (S P •) • 

1 Richter, IT. Abt, Isaac A.: Pediatrics, Philadelphia, W. B. Saunders 

Company, 1924, vol. 3, p. 560. 
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years. In the series of cases from the St. Louis Children’s Hospital 
(325 cases) reported by Keyes, 3 the peak was reached at the twelfth 
year, and was succeeded by a gradual decrease. The age distribution 
in these three series of cases suggests that in a large series the increase 
in incidence would be gradual, with no sharp rise at any age period din- 


ing childhood. 

In the present series of 258 cases, 55 per cent were in boys and 45 
per cent in girls. This difference is not significant in this relatively small 
series, yet it is suggestive of the greater incidence in boys reported by 
other observers, 4 and of the greater incidence in men. - ' 


Table 1. — Distribution of Cases According to Age. Race and Sex 



White 


Xegro 


Total 


Age 

Boys 

Girls 

Boys 

Girls 

Boys 

Girls 

1 

0 

0 

0 

0 

0 

0 

n 

3 

3 

0 

0 

3 

3 

3 

3 

3 

0 

1 

o 

4 

4 

2 

1 

0 

0 

2 

1 

5 

0 

3 

0 

1 

G 

4 

0 

8 

4 

1 

0 

9 

4 

7 

10 

4 

0 

0 

10 

4 

8 

10 

5 

1 

0 

11 

5 

9 

8 

6 

3 

4 

11 

10 

10 

8 

9 

0 

1 

10 

10 

11 

10 

6 

5 

0 

15 

G 

12 

11 

26 

3 

6 

14 

32 

13 

18 

13 

3 

3 

21 

1G 

14 

23 

1G 

4 

1 

27 

17 




• 



— 

— 


Total 

Per cent.... 

120 

90 

22 

17 

142 

116 

45 


Deaths 

0 

1 

0 
0 

1 

1 

2 
1 
1 
4 
o 

3 

2 

2 

20 


In this series there were 219 white and 39 Negro children. These 
figures probably do not indicate the true ratio of acute appendicitis in 
white and in Negro children, though they approximate those given by 
Maes, Boyce and McFetridge. 4c 

The seasonal incidence is shown in table 2 and in the chart. It is 
interesting that the peak of the curve of incidence of acute appendicitis 
comes in June, July and August. That the greatest incidence occurs 


3. Kcves, E. L.: Death from Appendicitis, Ann. Surg. 99:47 (Jan.) 1934. 

4. (a) Richter. 1 (b) Alexander, E. G., and Deaver, J. B„ quoted bv Richter = 

U /’ B ° yC ?'. F - F " and McFetridge, E. M.: Acute Appendicitis in 
Childhood, with a Critical Analysis of 230 Cases, Surg., Gynec. & Obst. 58-32 
Unn.) 19^4. 

FirrIv K T C \r’ T t” ^ ppendicitis - Ann - Surg. 99:47 (Jan.) 1934. 

I >nncj, J. M. T., Jr.: Appendicitis, Surg., Gynec. & Obst. 61:360 (Feb.) 1933. 
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I >osc months w hen mtcsrinal infections arc most common suggests 
J close relationship between such conditions and acute appendicitis The 
absence of an increase in the number of eases of appendicitis during the 

spring and all may indicate that infections of the respiratory tract are 
ot little eliologic significance. 



Seasonal incidence in 258 cases of appendicitis. 


Table 2. — Distribution of Cases by Months and Years 


Jim. Feb. March April May June July Aug. Sept. Oct. Nov. Dec. Total 


1925 102 1 4 4 4 45122 30 

1920 101230153143 36 

1927 013315354010 20 

192S 333135571020 35 

1929 2 1 4 0 2 2 3 0115 1 34 

1930 3 1 5 2 3 2 7 2 2 2 4 3 30 

1931 013212052121 20 

1932 4 1 2 4 5 4 4 5 1 311 35 


Total... 10 14 23 21 22 30 33 39 19 9 21 11 258 

Percent 6.1 5.4 8.9 8.1 8.5 11.6 12.7 15.1 7.3 3.4 8.1 4.1 93.3 


ETIOLOGY 

Bacteriology . — Appendicitis is an acute infectious disease which may 
be caused by a variety of organisms. Bacteriologic studies were made in 
only 42 cases in this series, the majority of cultures being obtained m 
cases of appendicitis with perforation. Pure culture of Bacillus coli \\as 
obtained in 26 cases. Scattered pure cultures of B. aerogenes, Slap }- 
lococcus and Streptococcus were obtained, and these organisms were 
also found mixed with B. coli in a few instances. In 9 cultures Here 
was no growth. Although few of these cultures were made r 
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unperforated appendixes, the results closely approximate those reported 
by Warren, 6 who made cultures from various portions of the wall of 
the unruptured, acutely inflamed appendix— outside the mucous mem- 
brane. The majority of cultures showed B. coll. 

Jennings 7 has drawn attention to the role of Bacillus Welclm m 
acute appendicitis and in peritonitis following perforation of the appen- 
dix. No anaerobic cultures were made in this series. 

Many modifying factors have been suggested which have a bearing 
on the etiology of acute appendicitis. These may be classified as follow s . 

Previous inflammation of the appendix 
Obstruction of the lumen 

(a) Foreign bodies 

( b ) Worms 

Acute infectious disease 

(a) Infection of upper respiratory tract 
Gastro-enteritis 
Dietary indiscretion 
Abdominal trauma 


Previous Inflammation of the Appendix . — A definite history of one 
or more previous attacks of acute appendicitis was recorded in 62, or 
24 per cent, of the cases in this series. There were no fatalities in this 
group. As will appear later (table 4) this series of cases has been 
classified under three heads, depending on the extent of the disease. Of 
these recurrent cases, 50 were in group 1 (acute uncomplicated appendi- 
citis) , 8 in group 2 (acute appendicitis, ruptured, with local peritonitis) 
and 6 in group 3 (acute appendicitis, with general peritonitis). 

Seventy-eight per cent of this group, therefore, were operated on 
before the infection spread beyond the appendix, as compared to only 
about 55 per cent for the whole series. This suggests two possible fac- 
tors influencing the course of the disease. In the first place, the fact that 
3 patients recovered spontaneously from a previous attack and that the 
present attack was mild suggests a greater general resistance to infec- 
tion, whatever that may mean. In the second place, it is entirely possible 
that many of the patients had been put on the alert by the previous 
trouble and had sought medical aid sooner. 

Obstruction of the Lumen.— (a) Foreign Bodies: Fecaliths were 
the only foreign bodies found in tins series, and were reported in 3S 
of 258 cases. It is probable that fecal concretions occurred more fre- 
quently than u'ere recorded. Though it cannot be proved by this study 
that the impaction of a fecalith actually precipitated the attack of acute 


The Etiology of Acute Appendicitis, Am. J. Path. 1:241 


6. Warren, Shields : 

(March) 1925. 

7 Jennings. J. E. : The Relationship of the Welch Bacillus to 4ppendiciti< 
and Its Complications, Ann. Surg. 93:S2S (April) 1931 PP 
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..iVUKtahs, the operative note in , natty instances suggests that the 

1 :lCt0 '' !” !l ,' e ru P ture of appendix. It is striking that 
{ ca iths weic found in the three appendixes that ruptured in less than 

twenty-four hours after the onset of symptoms. This finding is in 
accord with the observations of Wilkie 8 on the importance of obstruc- 
t.on of the lumen by fecal concretion in the etiology of acute appendicitis. 

(b) Worms; In 1913, 20.5 per cent of the children in a selected 
community served by this hospital were found to be infested with 
Ascaris lumbi icoides. 0 Although this incidence has been greatly reduced, 
infestation is still fairly common. Despite the finding of Ascaris ova 
and worms in the stool and at operation in the intestine in a number of 
cases, no worms were found in the appendix in this series. Infestation 
with Oxyuris vermicularis is much less common in this district How- 
ever, in one instance these parasites were found within the lumen of the 
appendix. Although infestation with intestinal parasites is probably 
more frequent in children than in adults, from this study it appears to 
be a rare cause of acute appendicitis. Corroboration is found in the 
work of Suzuki 10 and of Gordon. 11 


Infectious Disease . — Acute tonsillitis immediately preceded the onset 
of acute appendicitis in 10 cases; in 2 cases the appendicitis quickly 
followed acute bronchitis, and acute appendicitis developed in 1 patient 
who was already in the hospital because of empyema of the pleura. 
In no other case in this group did appendicitis develop after a recognized 
preexisting condition. 

Rosenow 12 presented evidence to indicate that appendicitis may be of 
hematogenous origin. On the other hand, Warren 6 was unable to con- 
firm this idea. If there is any connection between infections of the 
throat and appendicitis, acute tonsillitis should be of more etiologic 
significance in children than in adults. 


G astro -Enteritis . — Attention has already been drawn to the higher 
incidence of acute appendicitis in children during those months when 
gastro-intestinal disorders are most frequent. Gastro-enteritis may be 
of etiologic significance, though no data are available from this study 
to confirm or to disprove this impression. Every surgeon has a 
experience with acute appendicitis following close on the heels of w at 

' 8. Wilkie, D. P. D.: The Etiology of Acute Appendicular Disease, Canad. 


M. A. J. 22:314 (March) 1930. 

9. Ann. Rep. Dept. Health Virginia, 1914, p. 98. _ 

10. Suzuki, IC.: The Role of Oxyuris Vermicularis m the Etiology^ P 

dicitis and Allied Pathological Conditions, Surg., 193L 

11. Gordon, H.: Appendiceal Oxyuriasis, Ann Int. Med. 4.1521 

12. Rosenow, E. C.: The Bacteriology of Appendicitis and I P ^ ^ 
by Intravenous Injection of Streptococci and Colon Bacilli, J. Infect. 

1915. 
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could be diagnosed only as gastro-enteritis, whether or not any infec- 
tious agent was shown. 

Dietary Indiscretion.— Two patients in this group suffered an attack 
of acute appendicitis directly after overeating. Richter - mentioned 3 
cases in a series of 172 in which dietary indiscretion was stressed in the 
history as initiating the attack. Since unwise eating, both as to amount 
and as to choice of food, is so common in children, it seems that if 
it were of etiologic significance such a history should be obtained more 
frequently. 

Abdominal Trauma— One patient in this group gave a history of 
having struck the lower portion of the abdomen on the corner of a table 
just prior to the onset of symptoms of appendicitis. The fact that no 
other patient gave a history of trauma suggests that this is rarely if 
ever a cause of appendicitis. 

Table 3. — Distribution of Pain at Onset and Frequency of Nausea and Vomiting 


Number of Cases In 


Initial 

Xumber 

of 


Which There Was 

Nausea Vomiting 

Symptom Location of Vain at Onset 

Cases 

Per Cent 

Pain Epigastrium 

91 

37.0 

S3 

a 

Pain Eight lorver quadrant of abdomen 

56 

22.S 

43 

37 

Pain General over the abdomen 

Pain Lower portion of abdomen and about umbili- 

50 

20.4 

43 

42 

CUS 

36 

14.6 

32 

32 

Pain Left lower quadrant 

Nausea and 

4 

1.6 

3 

2 

vomiting 

S 

3.2 

S 

S 

Total 

Kot recorded in history 

. 245 

13 

99.6 

212 

202 


S\ MPTOMATOLOGY 

The usual sequence of symptoms, namely, pain somewhere in the 
abdomen, followed by nausea and vomiting and localization of pain in 
the right lower quadrant, is so constant in acute appendicitis that it is 
generally accepted as the rule. Pain was the first symptom in 237, or 
96.7 per cent, of the 245 cases in which the history was adequate. The 
location of pain at the onset is shown in table 3. That only 37 per cent 
ot these children complained of epigastric pain at the onset is in striking 
contrast with the usual textbook picture of acute appendicitis 

. ' Xau ff occurred in 212 0{ these cases, or 86.5 per cent' and was 
tollowcd by vomiting in 202, or 82.4 per cent. Nausea with vomiting 
was given as the initial symptom in S cases. The high frequency of 
nausea and vomiting may be due to the fact that children are prone to 

Localisation of pain at McBuntey's point occurred in 94 6 per cent 
ot tile 149 eases in winch an adequate history tvas given. Location 
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of pain occurred in from one to twelve hours in 36.1 per cent of these 
cases; m from twelve to twenty-four hours in 42.4 per cent; in from 
twenty-four to forty-eight hours in 17 per cent, and in from two to four 
days in 4.9 per cent. 

SIGNS 

1 enderncss over McBurney’s point was present in all but 1 of 247 
cases in which the preoperative physical findings were properly recorded. 
The 1 exception was the case of a 12 year old child, who had been 
sick twenty-four hours before admission. At the onset of illness, there 
was epigastric pain, followed by nausea and vomiting and localization 
of pain in the right lower quadrant. On examination, a deep-seated 
mass was felt low on the right, but there was no tenderness or muscle 
spasm. At operation an acutely inflamed appendix was found, wrapped 
in omentum, lying deep in the iliac fossa. The obvious explanation for 
this exception is the lack of peritoneal involvement. 

Tenderness with spasm of the right rectus muscle was present in 
7S.9 per cent of the cases. In a few cases in which the appendix was 
retrocecal, these findings were present in the right flank. A tender mass 
in the right lower quadrant of the abdomen was the principal physical 
finding in 6 per cent of the cases. 


LABORATORY DATA 

The laboratory test of most importance is the white blood cell count. 
The preoperative white cell count was recorded in 234 cases. In the 
127 cases in which the appendix had not ruptured, the counts ranged 
from 6,000 to 29,000 (average, 15,200). Eighteen counts were under 
10,000. In 70 cases in which a ruptured appendix was associated with 
localized peritonitis, the counts ranged from 6,400 to 33,600 (average, 
18,700) and only 3 counts were under 10,000. In the 37 cases in which 
the peritonitis was not localized the counts ranged from 5,000 to 30,000 
(average, 19,000), and 3 were under 10,000. Preoperative differential 
counts, Schilling counts and determinations of the sedimentation rate 
were done so rarely in the acute cases that analysis of the scattered 
results is not worth while. Chamber differential counts were reporte 
preoperatively in most of the histories, but these, although clinica } 
useful, are not adequate for a statistical study. 


MORTALITY 

To facilitate analysis of this series from the point of view of mor- 
tality, the cases have been arbitrarily placed in three groups as s xnvn 
in table 4. A series of cases in adults seen in this hospital has een 
similarly divided in order to compare the distribution of cases an re 
mortality in each group. In those cases in children in which th pp 
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dix was not ruptured there were no deaths. However 
involvement is followed by a relatively high mortality. The morta J 
is particularly high when there is a failure to localize the infection of 


Although the size of the adult series is much larger than that of the 
children, the distribution of cases in each of the three groups is so 
nearly the same that the mortality figures may be compared The 
mortality in groups 1 and 2 of both series of cases is practically the 
same. In group 3 the mortality of 34 per cent in children as compared 
to 16 per cent in the adult is strongly indicative of a much lower resist- 
ance to peritoneal involvement in the child. 


Table 4.— Distribution of Cases and Mortality in Each Group 


Children Adults 

■ A . * — — - 


Group 

i Distribution of Cases 

r 

No. of Per 

Cases Cent Deaths 

' ■ \ 
Per 
Cent 

No. of Per 

Cases Cent Deaths 

— N 

Per 

Cent 

1 

Cases of acute appendicitis, not rup- 
tured 

142 

55 

0 

0 

1,447 

62 

11 

0.7 

2 

Cases of acute appendicitis, ruptured, 
with localization of peritonitis or 
definite abscess formation 72 

2S 

5 

6.0 

552 

24 

20 

4.3 

3 

Cases of acute appendicitis, ruptured 
with no localization of peritonitis... . 

» 

. 44 

17 

15 

34.0 

337 

14 

39 

16.0 


Total 

. 25S 

100 

20 

7.7 

2,336 

100 

70 

2.9 


FACTORS INFLUENCING MORTALITY 


From these figures at least three factors that influence these mor- 
tality rates can be detected. The importance of early diagnosis and 
surgical intervention has already been demonstrated in table 4. In 116 
(45 per cent) of the children in this series the appendix had ruptured 
before operation. There is good reason to believe from the histories 
that no appendix ruptured after admission to the hospital. Peritonitis 
developing after rupture of the appendix is the most serious compli- 
cation to be considered in acute appendicitis in children. 


The second factor seems to be the duration of illness before admis- 
sion, which is closely related, of course, to the extent of the disease 
f table 5). Only 45 patients were admitted to the hospital in less than 
twenty-four hours after the onset of symptons, which represents a small 
percentage of the entire series. Although the appendix was not ruptured 
m the majority of cases m which the patient was seen within the first 
mrty-eight hours after the onset of symptoms, the 10 cases in which 

cmlv raiioval ^ interVal em P hasize the ‘necessity of 




Group 

Number 

Deaths 

Per Cent 

Number 

1 

106 

0 

0 

36 

2 

32 

1 

3.1 

40 

3 

28 

11 

39.3 

16 

Total 

166 

12 

7.2 

92 


* Purgation was done in 47.5 per cent of the patients with a ruptured appendix and in 
26 per cent of the patients with an unruptured appendix. 


COMMENT 

The evidence presented indicates that there is no essential difference 
between the clinical picture of acute appendicitis in the child and that in^ 
the adult. An analysis of this series of cases indicates that the etiology, 
history and physical findings are identical for all practical purposes. 1C 
main difference lies in the higher mortality rate in children. 

The difference in mortality in the two series of cases here reportc 
is particularly striking in view of the fact that the distribution of cases 
in the three groups is practically the same in the two age. periods 

There are several factors that may indirectly contribute to the t g vr 
death rate in' children. The omentum in the child hangs at a higher e\ e 
than that in the adult, and is therefore less efficient m the t*5 
“ f an inflammatory process in the lower portion of the abdomen. Tins 
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fact may in part explain the lower resistance of the child to peritoneal 
involvement and, indirectly, the higher mortality. It is assumed hr 
many surgeons that the thinness of the wall of the appendix in the 
child may permit earlier peritoneal involvement. 1 his assumption is 
not supported by this study, since there were a large number of cases 
of acute inflammation of the appendix of more than forty-eight houis 
duration without peritoneal involvement, and the incidence of peii- 
tonitis in children and in adults in the present series was about the same. 

Difficulties in arriving at an early diagnosis may contribute to the 
mortality by delaying operation until after the appendix has ruptured. 
In spite of the fact that typical symptoms are present in the majority of 
cases, it is often difficult to obtain a complete history in younger 
children. 


The figures presented here demonstrate that the move common 
physical findings are present in children as in adults, in the vast major- 
ity of cases. According to accepted opinion, the position of the appendix 
with reference to the abdominal wall determines the location of tender- 
ness on physical examination. The records of the present series offer 
no evidence to confirm or dispute this opinion. In the individual case 
other findings than those noted may be of great significance, i. e., tender- 
ness along the lower border of the liver, maximal tenderness and spasm 
in the right flank and tenderness or a mass on rectal examination. It 
must be noted that in the vast majority of cases the findings on which 
to base a diagnosis may be elicited early in the course of the attack. 

Unfortunately gastro-intestinal disorders, described by the parents 
as “biliousness,” “stomach ache” or constipation, which yield so promptlv 
to some home remedy, usually a cathartic, are so frequent in children 
that appendicitis is not considered until the disease is well advanced and 
the diagnosis obvious. The supposed frequency of constipation as an 
accompaniment of appendicitis doubtless may contribute to the free use 
ot cathartics. It should be the attitude of every physician and parent 
that each case of abdominal pain is a potential case of appendicitis and 
should be watched carefully and closely, laxatives and sedatives being 
withheld, until a diagnosis can be reached. In those few atypical cases 
111 wh,ch this “ay 11Qt be possible, early exploration would he far safer 
t ian the risk of peritonitis following the rupture of the appendix. It 
« be emphasized that the incidence of perforation of the appendix 

Scnes 15 pract,call >- 110 lar § er than that found in the adult 
, / Thc greater mortal 'ty in children is undoubtedly due to the 

Hr’ 5 '™? °! "" CMM “ !>eri ' OTK ' 1 and prevent ion 

z&r* is oI first impor, ™“ of Z 
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SUMMARY 

Jwo hundred and fifty-eight cases of acute appendicitis in children 
proved by operation have been reviewed. Certain outstanding findings 
have been emphasized. In this series the age distribution curve reached 
a peak at 12 years and remained high during the following two years, 
i he results of this and similar studies indicate that there is a gradual 
increase in incidence from infancy to adult life, rather than a sharp 
increase at a given age period. 

Ihe greatest frequency of acute appendicitis in children was noted 
in the months of June, July and August. Since gastro-intestinal dis- 
orders are so common during the same period, such conditions may be 
of importance in the etiology of appendicitis. 

A definite history of one or more previous attacks of acute appen- 
dicitis was noted in 64 of the cases in this series. The fact that 50 of 
the cases were in group 1 suggests greater resistance to infection and 
greater watchfulness on the part of the parents in subsequent attacks. 

The general clinical picture of the disease in children was found to 
he similar to that in adults. Figures derived from this series of cases 
have been compared with figures drawn from a series of cases in adults 
seen in this clinic. The distribution of cases into three groups, namely, 
(1) acute appendicitis, not ruptured, (2) acute appendicitis, ruptured, 
with localization of peritonitis or definite abscess formation, and (3) 
acute appendicitis, ruptured, with no localization of peritonitis, was 
essentially the same in the two age periods. The mortality in groups 1 
and 2 was essentially the same in the two series, but in group 3 the 
mortality in the children was 34 per cent as compared to 16 per cent in 
the adults. This high figure in group 3 in children accounts largely for 
the difference in total mortality, 7.75 per cent in children and 2.9 pei 
cent in adults. 

It appears from this study that the high mortality in children is due 
to the lower resistance to peritoneal involvement. It is obvious that 
reduction in mortality can best be accomplished by early diagnosis and 
removal of the appendix before involvement of the peritoneum occurs. 
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In our series of twenty-six patients treated with the concentrated 
streptococcus serum of the laboratory of the New York State Depart- 
ment of Health, there are thirteen with infections which would ordi- 
narily be classed in the field of general surgery. In six, the infection 
began in the hand. In three patients, the lesion was apparent]}' induced 
by pressure or by accidental laceration, and in four streptococcic infec- 
tion appeared after surgical operation. Of the thirteen patients, eight 
survived and five died. 


INFECTIONS OF THE HANDS 

Streptococcic infection of the hand or its digits is rather frequent 
in physicians, nurses and laboratory personnel in hospitals. It is often 
trivial, but sometimes tragic, and there is good reason to believe that 
earlj- neglect or unwise treatment in the early stage of the infection may 
sometimes contribute to the later unfortunate course. On the other 
hand, a fortunate outcome with early recovery does not of itself prove 
the efficacy of the treatment followed except for that particular case. 
In the present series we have six patients with such infection of the 
hand. 

Case L— M. E„ a youth, aged 19, a volunteer worker in the pathologic labo- 
ratory. noticed a small irritated abrasion on the hypothenar eminence of the 
right palm about March 6, 1933. He applied iodine. In the next two days the 
region became swollen and tender and discharged a small amount of pus. A 


This work was made possible by a grant from the Tosiah Alaev Jr Founda- 
tion. 

Front the Department of Pathology- and Bacteriology, New York Post- 
Graduate Medical School and Hospital, Columbia University 

The patients whose records are utilized in this paper were treated in the clinical 
services m the tollowmg physicians: Dr. R. F. Carter, Dr. T. H. Cherrv, Dr J F 
Erdmann. Dr. C. M. Crau. Dr. C. G. Hcyd, Dr. A. A. Levy. Dr. H. Lvnch Dr' 
. . J. Moorhead. Dr. H. H. Ritter and Dr. J. E. Sheehan. 
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culture showed hemolytic streptococci. An ampule of 20,000 units of the con- 
centrated streptococcus scrum was injected subcutaneously into both arms. On 
t sc following day there was marked swelling about the sites of injection of the 
scrum with an urticarial eruption extending from the shoulder to the wrist on 
both arms. This disappeared after two days, and the original lesion healed 
promptly. The patient regards the infected abrasion as a trivial affair but retains 
a vn id and unpleasant recollection of the serum sickness. 

Cask 2.— I. N., a student nurse, aged 20, had cellulitis of the left hand early 
in January. 1 hi s was incised, and she was admitted to the hospital as a patient 
from January 6 to 10. After returning to duty for five days, she was again 
admitted to the hospital with a temperature of 102.6 F. On January 24 a large 
abscess in the left axilla and another on the right side of the neck were opened. 
The pus from these contained streptococci, although the original lesion of the 
hand contained both staphylococci and streptococci. After the drainage on Jan- 
uary 24, the patient received 40,000 units of the concentrated streptococcus serum 
on January 25 and an equal amount on January 26. She was discharged on 
February 11. The result was highly satisfactory. Her abridged clinical chart 
has been presented eleswhere, 1 as this case was selected as an example of this 
group used In a previous paper. 


Case 3. — M. D., a graduate nurse, while attending a patient in whom an 
infection developed following an operation, acquired an inflammation about the 
nail of the right ring finger on Aug. 9, 1933. After a culture was taken, 0.5 cc. 
of asparagine staphylococcus bacteriophage was injected into the tissues of the 
distal phalanx on August 11. The finger was kept moist and warm as far as 
the patient’s duties would permit. It was deemed unnecessary for her to give 
up her service, and she continued on active nursing duty. On the following day 
the culture showed hemolytic streptococci predominating, and the finger was 
still swollen and tender. After an intracutaneous test at 8:43 a. ni., which 
revealed no hypersensitiveness to horse serum, a second dose of 0.5 cc. of the 
concentrated streptococcus serum was given subcutaneously at 9 a. m., and at 
9:15 a. in. the remainder of the ampule was given intravenously, the total amount 
in the three doses being 20,000 units. Improvement was distinctly evident the 
next morning, and in two more days the finger appeared to be normal. The 
patient remained on duty regularly. There was no untoward reaction, nor was 
there any serum sickness. 


Case 4.—R. M., a physician, aged 38, had an inflammation of the index 
finger on his left hand, apparently due to infection acquired in performing an 
autopsy. After forty-eight hours, he appeared for duty on Monday morning, 
Jan. 9, 1933, with signs of a severe infection. The finger was quite swollen, an 
there were visible red lines extending up the forearm and a painful swel mg m 
the axilla. He was at once admitted to the hospital and put to bed. Micro 
scopic examination and cultures of the exudate from the finger taken on t ie 
preceding Saturday showed predominant staphylococci. 

The abridged clinical record is shown in chart 1. On January 9 expennicn a 
staphylococcus antitoxin was given in three doses to insure desensitization, a» 

1 cc. of staphylococcus bacteriophage was injected subcutaneously into t ie e 
arm near the axilla. On the next day our concern seemed rather ridicu thus u 
on January 11 the pain and swelling in the axilla had increased, an 
further injections of staphylococcus bacteriophage were given subcutaneo 


1. MacNeal, W. J.: Specific Treatment of Septic ^ ions ’ PM,lnrli 
ith the Aid of Bacteriophages, Am. J. M. Sc. 187:6-3 (May 
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r 11 1 ? On Tanuarv 13 a circumscribed deep 

ZjTJZini, and 'on the « day, under ethylcna-ox^n 
anesthesia this was conservatively opened, and the major portion of the nail of 
the index finger was cut away. Microscopic examination ot the axillary pus 
revealed definite chains of cocci, and the cultures subsequently gave a pure growth 
Of hemolytic streptococci. Without awaiting the result of this culture the 
patient was at once treated for the streptococcus infection. A blood culture was 
taken which remained sterile. Two ampules, 40,000 units, ot the concentrated 
streptococcus serum were given subcutaneously, and this dose was repeated on 
Tanuarv 15. A distressing general urticaria with moderate laryngeal edema 
appeared on the evening of January 16, disappearing in twenty-four hours The 
patient was discharged on January 19 and returned to duty on January 23. 


This is the fourth instance of cellulitis of the hand and axillary 
adenitis observed in our staff as a result of infection contracted at 
autopsies in a period of twenty-two years. In the other three the period 
of hospitalization was a matter of months, and the final fortunate out- 
come seemed for a time doubtful. This fourth case in the series is the 
first one in which specific bacteriotherapeutic measures were employed. 



Chart 1.— Abridged clinical record of R. M., a man, aged 38. In this patient 
cellulitis of the left hand developed, apparently due to infection acquired in per- 
forming an autopsy. The patient was treated for infection with the staphylococcus 
until January 14, when incision of an axillary abscess revealed numerous strepto- 
cocci. Streptococcus serum was given subcutaneously on January 14 and 15. 
Severe serum sickness developed on January 16. The patient was discharged on 
January 19 and returned to duty on January 23. 


Cask 5.— M. R„ a Negress, aged 46, employed in washing glassware in the 
laboratory, had an inflammation about the nail which developed after she pricked 
her right middle finger with a pin in the back of her apron on Feb. 18, 1933 
On Sunday. February 19, the finger became increasingly painful and swollen 
sl,plrt ftvcr ’ not accurately recorded, was present. On February 20 the finger 
was swollen tor halt its length, and the axillary nodes were enlarged The 
swelling was most marked about the nail. This was punctured with a small 
stenlc needle, and a small amount of blood-tinged pus was obtained. Microscopic 
examination revealed streptococci, and cultures gave colonies of hemolvtic strep- 
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. Cask 6 '7 j ' H, > a man > a S ccI 46 > received a puncture wound from a piece of 
wwc beneath the nail of his right thumb on July 8, 1933. Several hours later 
the thumb became swollen and painful, and there were red streaks along the 
forearm, with soreness at the elbow and the axilla. On the day of admission to 
the hospital there had been several chills and a high fever. The patient came 
to the hospital at 6 : 30 p. m. on July 10. At this time the right thumb was swollen, 
and its distal third was yellow and without feeling. The entire hand was swollen, 
and there was a large prominence in the anterior interosseous region of the 
forearm. The right epitrochlear and axillary nodes were enlarged. The temper- 
ature was 106.2 F. 

lhc abridged clinical record is shown in chart 2. Immediate operation 
revealed only a minute quantity of exudate at the tip of the thumb, but there was 
a large amount of pus at the thenar eminence. Gas bubbles were observed 
beneath the skin. Immediately after the operation there was a severe chill fol- 
lowed by a lowered temperature. Again on July 11 there was a chill lasting 
ten minutes. The patient began to cough and also to suffer from persistent attacks 
of hiccupping, which continued throughout most of his illness. 



Chart 2. — Abridged clinical record of J. H., a man, aged 46. This patient 
had cellulitis of the hand and forearm following puncture of the right thumb. 
There was a mixed infection in which hemolytic streptococci were abundant. 
There were, however, also gas bubbles beneath the skin. Streptococcus serum 
was given on July 13, 14, 15, 16, 17 and 18, the total amount being 38 ampules, or 
760,000 units. The forearm was incised on July 12, and the upper part o tie 
arm was incised on July 15. The patient died on July 18. At autopsy, the strepto- 
coccus seemed to have played a minor role in the terminal stages of the disease. 


Cultures of the pus obtained on July 10 yielded only hemolytic streptococci 
on the blood agar plates and in a test tube two-thirds full of dextrose meat infusion 
agar, and in litmus milk there was no evidence of growth of Clostridium i VI l elc • 
In blood broth, however, a slender gram-positive rod, evidently ^ 

found along with the streptococci and diphtheroid bacilli. Blood c 

July 11 and 13 remained negative. 

On July 12 the right arm was red and swollen to the axilla. t ■ P- ■ 
on this day, multiple incisions were made in the forearm, an an a s * 

r find above the annular ligament of the wrist and another m . he F 
thtd of the forearm. The patient was now "o"’ 

£ r ~ — - -» - 

negative rods, apparently Pfeiffer s bacilli. 
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The concentrated streptococcus serum was given first on July 13, one amp 
of 20,000 units, in divided doses to insure desens, tizatton. The same amount « - 
given subcutaneously on July 14, and this was followed, after consultation with 
Dr Maillard of the state laboratory, by massive intravenous doses, five ampules 
(100000 units) at noon on July 14, eight ampules on July 15, tour on July 16. 
eleven on July 17 and eight on July 18, the total serum given amount, ng to 3S 
ampules, or 760,000 units. The patient died on July 18. 

Autopsy, performed five hours after death, disclosed purulent collections in 
the right elbow and shoulder joints, in addition to extensive dissecting purulent 
and emphysematous inflammation of the entire extremity, and bilateral lobular 
pneumonia. Pus from the shoulder joint yielded a few colonies of hemolytic 
streptococci; the predominant bacteria in cultures were green streptococci and 
diphtheroids. Anaerobic cultures yielded a slender gram-positive bacillus, not 
identified, and a few colonies of Cl. Welchii. Cultures of the heart’s blood 
yielded only colonies of Streptococcus viridans. Apparently the activity of the 
hemolytic streptococcus in the mixed infection had been somewhat restricted by 
the serum but not completely suppressed. 



Chart 3. — Abridged clinical record of S. Y., a girl, aged 18. This patient had 
an accidental wound of the left cheek, which was heavily infected with streptococci. 
She received serum on March 21 and 23, with prompt local improvement. 


ACCIDENTAL WOUNDS AND ULCERS DUE TO PRESSURE 

In this subgroup there are three patients. One was the victim of 
an automobile accident, and the other two had infected ulcers caused 
by pressure. Two recovered and one died. None of them had a positive 
blood culture. 


Case 7.—S. Y„ aged 18, the daughter of a physician, suffered a contused 
laceration of the left side of her face in a motor accident on March 14, 1933 \ 

wound about 3 cm. in length was closed by eight sutures. Bleeding’ from the 
nose persisted for twenty-four hours, and on March 15 the temperature ranged 
from 102 to 103 F. She was admitted to the New York Post-Graduate Hospital 
on March 16, with marked swelling of the face and a temperature of 10? 8 F 
Two stitches were removed, and a drain was inserted in the wound Culture 
taken at tins tune yielded abundant hemolytic streptococci. The abridged clinical 
record „ shown m chart 3 On March 17 all the remaining stitches were removed 
ramage was abundant. Roentgenologic study revealed no evidence of fracture 
, rcvcal . 7 dcnce of inflammation in the right antrum as well as of the 
so t tissues of the tace. The condition was not considered dangerous but he 
„ the at, ending surgeon i„ „« * ** 
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of specific bactcriothcrapy on March 21. After a culture was taken which later 
showed hemolytic streptococci, the patient was given an ampule (20,000 

t *> densitization 

o March k 1 “"T* WaS fiiven in a ^merle intramuscular injection 

, J ' “ ‘ 1 ,c _ drainage from the wound diminished promptly and ceased 

entirely on March 25. The patient was discharged on March 26 with a granulating 
wound m a satisfactory stage of healing. 


Cask 8. h. H., a woman, aged 37, had been under observation and treat- 
ment at the New York Post-Graduate Hospital for congenital dislocation and 
deformity of the left hip since Oct. 31, 1931. There had been three open surgical 
operations on the hip. The first two operations were performed in Europe in 
1904 and 1921, respectively. After 1921 the patient had good function until 
March 1931, when she fell and hurt herself so that she was unable to walk for 
seven weeks. Again, about September 14, she fell and injured this hip and was 
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Chart 4. — Abridged clinical record of E. H,, a woman, aged 37. Inflammation 
developed in the patient’s leg, apparently due to pressure of a surgical dressing 
on May 20. A clinical diagnosis of tetanus led to the administration of tetanus 
serum, 33,000 units into the spinal canal, 10,000 units subcutaneously, 10,000 units 
intravenously and 25,000 units by intramuscular injection from May 24 to 26. An 
eruption diagnosed as erysipelas appeared on May 24, A blood culture remained 
negative. Streptococcus serum was given intravenously on May 27, 28 and 29, a 
total of 58,000 units. Prompt improvement followed this. On June 3, however, 
there was a chill, and streptococcus serum was given on this day and also on 
June 4, the total amount being 40,000 units. After an interval of five days a dose 
of 20,000 units of serum was given intravenously on June 10. A severe shock- 
followed, evidently due to the serum. Divided subcutaneous doses were given on 
June 11, and divided intramuscular doses on June 12. The patient was discharge 
on October 1 in good condition. 


not able to walk after that. The third operation at the New York p ost-Grad«atc 
Hospital resulted in fixation by a bone graft, and following thw the pa t.cntj 
discharged on Feb 27, 1932, with a mechanical brace on the left loner c. y 
Uot T » .!■« and, °„ March 9 the left ankle became awol.en and 
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nainful and she noticed a small blister on it, which later became an ulcer. She 
rame back to the hospital on March 13, and a course of light therapy, massage 
and electrical stimulation was instituted and continued to May 19. On the evening 
of May 20 the patient began vomiting and had a sharp rise in temperature and 

pulse rate. , 

Her abridged record after May 19 is shown in chart 4. She complained of 
severe pains in the hips, abdomen, back and head. Blood culture taken on May ~1 
remained negative, as did also subsequent blood cultures taken on May and 
and on June 3. On May 22 there was a chill lasting fifteen minutes, with stillness 
of the neck, tremors of the mouth and jaw and arching of the back. Spinal tap 
yielded a normal spinal fluid. On May 23 the patient was irrational. Culture 
taken from the ulcer on the 'ankle showed hemolytic streptococci and Staph, albus. 
During the four days, from May 23 to 26, antitetanic serum, 33,000 units, was 
injected into the spinal canal, 10,000 units subcutaneously, 10,000 units intravenously 
and 25,000 units intramuscularly. Meanwhile the bacteriologic search for the 
tetanus bacillus by anaerobic culture methods and inoculation of animals gave 
negative results. The inflamed area on the ankle extended up the leg, reaching 
the region of the hip on May 28 and across the back to the level of the shoulder 
on .May 29, after which it subsided. The concentrated streptococcus serum was 
given by intravenous injection, 20,000 units on May 27, the same dose on May 28 
and 18,000 units on May 29. Clinical improvement was prompt. However, there 
was a chill and sharp rise in temperature on June 3; an intravenous dose of 
20,000 units was given on this day and repeated on June 4. On June 8 there 
was increased pain in the left ankle and leg, and a chill with a rise in temperature 
to 105.2 F. On June 10 an intravenous injection of 20,000 units of the streptococcus 
serum was given, the interval after the previous dose having been six days. Two 
minutes later rigor and vomiting developed, and the pulse became imperceptible. 
Epinephrine was administered, and the collapse was relieved in about half an hour. 
On June 11 the same amount of serum was given in six subcutaneous doses with- 
out untoward effect, and on June 12 the same amount was given in four intra- 
muscular injections without recognizable reaction. On June 13 the evidence of 
inflammation had disappeared except over the anterior aspect of the left ankle. 
This region was now incised and pus evacuated. Cultures of this pus yielded onlv 
hemolvtic streptococci. Subsequent progress was satisfactory. The patient was 
kept under observation in the hospital until October 1. 


Casf. 9.— P. H., a man, aged 62, was admitted to the hospital on Feb. 16, 1933. 
with a painful ulcer on his left foot. In June 1929 he had a sore on the dorsal 
surface of his right great toe which healed after several weeks. The present ulcer 
<>u the other foot appeared about Jan. 12, 1933, and bad graduallv extended Since 
February 2 the patient had been confined to bed. Mild diabetes had been recog- 
nized for ten years, and insulin had been used occasionally. The urine had usually 
been sugar-free in recent years. 


The abridged clinical record is shown in chart 5. The ulcer was excised on 
February 10, and on February IS the second and third metatarsal bones were 
..pened and purulent osteomyelitis found. This operation was followed bv a chill 
but b food culture taken at this time remained negative. Culture from the wound 
i et cnled the hemolytic streptococcus, colon bacillus and staphvlococcus Bacterio- 
phages acme against the colon bacillus and against staphvlococcus were applied to 
the wound: oO cc. o, staphylococcus antitoxin was given subcutaneouslv on Febru- 
’ 1 CC ' -‘^hylococcus bacteriophage intravenously. On this same dav 
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40,001) .mils of the concemraicd streptococcus serum was given subcutaneously in 

" ,r “ ' lo f ' ' V,lh “"""™"on of this freafment Ihe genera! condition improved 
-SO that the patient was allowed out of bed on February 22 and 23 and was able 
to act on sonic important papers sent in from his office. On February 24 an atnpu- 
tatmn was performed at tile middle part of the left thigh, immediately following a 
transfusion of 340 cc. The patient did not rally from tin's operation. 


INFECTED SURGICAL WOUNDS 

Jn tin's subgroup there are four patients: a girl of 19 with staphylo- 
eoccic osteomyelitis, secondarily infected with the hemolytic strepto- 
coccus ; a man 30 years old with streptococcic infection following 
operation for inguinal hernia; a man 4 7 years old, in whom general 
sepsis developed after excision of the inguinal lymph nodes, and a 
woman of 60 years, who likewise suffered from general sepsis following 
operation on a proctocele and hemorrhoids. Three died and one 
survived. 



Chart 5. — Abridged clinical record of P. H., a man, aged 62. The patient had 
an ulcer on the dorsum of his left foot which extended to produce osteomyelitis 
of the metatarsal bones. Surgical excision and incision was supplemented b> 
application of bacteriophage and the injection of streptococcus serum. A total of 
140,000 units of streptococcus serum was given from February 19 to 23. The 
patient appeared somewhat improved. On February 24 the extremity was ampu- 
tated in the region of the midthigh, after which the patient did badly and died on 
February 28. 


Case 10.—M. H„ a school girl, aged 19, was admitted to the hospital on Jan. 
19 1933, with osteomyelitis of the right ilium which involved the hip joint an a 
infection of the blood stream with Staph, aureus. Her abridged cluneal reco 
lav been presented in an earlier paper from this laboratory.' She s » 
four months. During this time the septicem.a was overcome, tat the opera! 
wound became secondarily infected with vanous organisms, “ 

hemolytic streptococcus seemed for a time to be the ^ ' 

nf the concentrated streptococcus serum were given on two occasio 
able efet on the streptococcic infection. However, the P»«»> < 
weight and, after various complications, aspiration pneumom, 
death occurred on May 17, 1933. { 

H r T t? n man aired 30 entered the hospital on Jan. 31), , 

Case 11.— C. J. R, a man ; agea .TC , t of hca w lifting seven 

relief of inguinal hernia which was ascribed to the effort 
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weeks earlier. The abridged clinical record is shown in chart 6. A bilateral 
herniotomy was performed on January 31. The postoperative course was unsatis- 
factory, and on February 6 there was marked inflammation of the abdominal wall 
near the left incision, and pus was exuding from the incision. On February / 
the inflamed area was incised, and a culture of the exudate was taken. This 
yielded a growth of the hemolytic streptococcus. A transfusion was given on 
February 9 and, on the next day, multiple incisions were made in the abdominal 
wall. On February 14 the aid of bacteriotherapeutic measures was requested, and 
after a blood culture was taken, the concentrated streptococcus serum was admin- 
istered, 20,000 units in three doses. The serum was continued on February 15, 
but after 5,000 units it was discontinued by order of the attending surgeon, 
who preferred to place his faith in other measures. A transfusion of 600 cc. was 
given on February 16. On February 17 the left seventh rib was resected, and 
the pleural cavity was opened. A small amount of sterile watery fluid containing 
cholesterol crystals was obtained. A blood culture taken on February 18 gave 



Chart 6. — Abridged clinical record of C. J. R., a man. aged 30. The patient 
was operated on for relief of bilateral inguinal hernia on January 31. Post- 
operative inflammation due to hemolytic streptococci was recognized on February 
6. This was treated by transfusion and by multiple incisions. Streptococcus 
serum was started on February 14 and discontinued on February 15 after 25,000 
units had been given. Transfusion of 600 cc. was performed on February 16. 
and a rib resection was done on February 17. On the next day a positive blood 
culture was obtained, the organism being a hemolytic streptococcus. The patient 
died on February 23. 


a positive growth of hemolytic streptococci. On this day evidence of thrombo- 
phlebitis appeared in the left leg, and this condition progressed rapidlv. The 
patient died on February 23. 


Case 12.— L. G„ a man, aged 47, was admitted to the hospital on Feb ?0 193? 
In the latter part of January swellings developed in both inguinal regions" and on 
v ebruarv 9 the patient’s physician incised the right inguinal abscess and evacuated 
a quam.ty ot pus. On admission to the hospital a draining sinus was present on 

S 5 ' a " d there was inflamm f tor >- enlargement of the left inguinal node= On 

1 ebruarv 29 specimens were taken for biopsv from the rieht and W* - ’ - . 

* <*"»*= Punilent lymplLdenitis^without 'evidetrce 
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tuberculosis. Ins taken at the same time from the right inguinal region failed 
to give any growth in dextrose broth and blood agar plates. These culture methods 
could hardly be expected to bring to development a possible bacillus of Ducrey 
but would seem adequate for the hemolytic streptococcus. The patient was dis- 
charged on March 8. 

On May 14 he was again admitted to the hospital with continuing inguinal 
adenitis and a persistent small sinus in the right inguinal scar. The abridged 
clinical record from this date is shown in chart 7. On May 16 the old surgical 
scar in the right groin together with the underlying lymph nodes was excised. The 
microscopic study of this specimen disclosed a chronic purulent inflammation. 
Culture was not made. On May 18 the temperature rose to 104 F. Blood culture 
taken on May 20 revealed three colonies of hemolytic streptococci per cubic centi- 
meter of blood. Clysis of 750 cc. on May 22 was followed by chill and a rise 



Chart 7.— Abridged clinical record of L. G., a man, aged 47. Bilateral inguma 
adenopathy developed in January 1932, and a right inguinal abscess was incised 
on February 9. On May 16 a persistent sinus and the lymph nodes in the right 
inguinal region were excised. On May 20 blood culture yielded s ^ ei, *°“ cc '' 
Streptococcus serum was administered intravenously on May 27, 28, , anc 
31 and June 1, a total of 120,000 units. The patient did well for a time, but on 
June 20 an exudate in the chest was evacuated by rib resection. He was is- 
charged July 13 in good condition. 


in temperature to 105.2 F. Blood culture taken on May 23, when the emp < 
was low, remained sterile. However, on May 27 blood culture was a 
became positive for hemolytic streptococci. On this day the tempera ur 
106.6 F. after a clysis of 10 per cent dextrose. At 6:30 p. m. tie ■ 

given 20,000 units of the concentrated streptococcus serum mtravenousi, ^ ^ 

dose svas repeated daily to June 1. Sever, pain in the eh. St ^ 

appeared on May 29, and on June 1 the cough raised some clotted b 
thick mucus. The patient was irrational much of the time from Mar 31 to June 
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Therapeutic efforts, aside from the injections of serum, were discontinued after 
Mav 28 The patient gradually improved until June 10, when he complained of 
pain in the chest, and at night there was a chill lasting ten minutes. On June la 
there was dulness everywhere below the scapula on the right side of the thorax, 
and the signs of pleural exudate were confirmed by roentgenographic examination 
on June 18. On June 20, under local anesthesia, a thoracotomy evacuated pus 
under pressure occupying the entire right pleural cavity. Culture of the pus 
revealed abundant Pfeiffer bacilli and a few colonies of hemolytic streptococci. 
The postoperative course was satisfactory. The patient was allowed to be up in 
a chair on June 30; he walked on July 11, and was discharged with his wounds 
healed on July 13. There was no serum reaction in this case. 


Case 13. — S. H., a woman, aged 60, was admitted to the hospital on May 2, 
1932. Her abridged clinical record is shown in chart 8. On May 4, under 
nitrogen monoxide and ether anesthesia, operations for internal hemorrhoids and for 
proctocele were performed. On May 6 bleeding from the vaginal wound was con- 



Chart 8— Abridged clinical record of S. H., a woman, aged 60. This patient 
had a perineal operation and hemorrhoidectomy on May 4. On May 9 thrombo- 
phlebitis developed in the left thigh, and a positive blood culture was obtained on 
May 10. The serum was given intravenously on May 11, 12 and 13, a total of 
60,000 units, followed by marked improvement. However, the condition became 
worse again on May 19. Sodium salicylate was given intravenously on May 20. 
The patient died on May 26. 


trolled by packing. The temperature continued to mount gradually. On the night 
of May 9 severe pain developed along the inner side of the left thigh, and°bv 
morning of May 10 there was definite tenderness along the femoral vein. The 
temperature rose to 105 F„ and petecliiae appeared over the bodv. A blood culture 
taken that evening yielded three colonies of hemolytic streptococci per cubic centi- 
metcr of blood. The concentrated streptococcus serum was given intravenouslv 
20.000 units each on May 11. 12 and 13. The temperature 
tactory, and a blood culture taken on May 16, as well as one on Mav 24 was 

negative. However, on May 13 the urine showed some protein (one plus) and a 

considerable number oi leukocytes as well as manular casts r l, P .- V . 

uns no* undertaken \t,, on .i granular casts. Culture of the urine 
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An intravenous dose of 20 grains (1.3 Gnt.) of sodium salicylate was given on 
this day. On the next day tlte area of inflammation had extended, and the patient 
became mentally confused. Vaginal bleeding continued. There was no evidence of 

serum disease. The patient died on May 26. Postmortem examination was not 
permitted. 

COMMENT 

111 these thirteen patients making up a somewhat heterogeneous 
gioup theic were eight survivors and five who died. Six of the patients 
had infections of the hand, the impending gravity of which cannot be 
accurately estimated in advance. The lesions when first seen were of 
such a nature that surgical incision for drainage would have been the 
treatment of choice in our hospital only a few years ago. Three of 
these patients were treated without incision by bacteriotherapeutic 
measures in which the concentrated antistreptococcus serum of the lab- 
oratory of the New York State Department of Health was evidently 
the important factor. Warmth and moisture were employed locally. 
In these three the threatening disorder proved to be trivial. In two 
of the patients, a nurse, I. N., and a physician, R. M., the serum was 
given only after surgical incision of an axillary abscess which revealed 
the streptococcus. The recovery was surprisingly prompt in both. The 
sixth patient of this group, J. H., obviously had a mixed infection in 
which anaerobic bacteria as well as streptococci were concerned. His 
thumb and hand were incised on July 10, and on July 12, multiple 
incisions were made in the wrist and forearm ; again on July 15, multiple 
incisions were made in the forearm and in the upper part of the arm. 
The serum was first given on July 13, and it was increased to a total 
amount of 760,000 units without success. However, at the autopsy 
it appeared that the dangerous hemolytic streptococcus, so abundant 
in the original wound, had not played the important role in the fatal 
outcome. 

As a result of our experience we have become somewhat more con- 
servative in the matter of incising infected fingers. Exudate is needed 
for microscopic examination and culture, but when these examinations 
are inconclusive or even while their outcome is being awaited, we fa' or 
the use of prophylactic bacteriotherapeutic measures and especially the 
streptococcus serum. We do not wish to suggest that surgical incision 
of infected fingers and hands should never be undertaken, but we o 
believe that the early use of serum against streptococcic infection ui 
often suffice to limit the extension of the disease and to avoid serious 
deformity. It is perhaps not too much to hope that the disabling scar 
contractures, the long weeks of hospitalization and the occasiona tra & ic 
fatality following streptococcic infection of the hands, especia \ . )n 
physicians and nurses, may be ameliorated by the earfy administration 
of a potent antistreptococcus serum. Even when incisions are ‘ ' 

we are convinced that the streptococcus serum, as exempli fie } 



SHEPLAR ET AL. -STREPTOCOCCUS SERUM 


concentrated serum of the New York State Department of Health, 
offers an important aid in further combat against the infection. 

In the one patient with a recently inflicted gash m the face resulting 
from a motor accident, a threatening streptococcic infection rapidly 
subsided after the administration of the serum, a matter of some 
importance in relation to scar formation, particularly on the face of a 
young woman. 

The two patients with ulceration on the lower extremity responded 
favorably to treatment with the streptococcus serum. In one of these, 
E. H.. there is an emphatic illustration of the danger sometimes 
encountered in giving horse serum intravenously. This patient received 
the concentrated streptococcus serum on May 27 and 29 and on June 3 
and 4. Then after an interval of six days she received an intravenous 
injection of 20,000 units of the same serum. Severe shock appeared 
in two minutes, and the alarming condition persisted for half an hour. 
We have had opportunity to observe similar reactions of hypersensitive- 
liess, so far without a fatal result, in several other patients, particularly 
when there has been a considerable interval between the successive doses 
of this serum, and we therefore urge extreme care in desensitization 
in all such cases. The outcome in this particular patient was fortunate. 
Without the serum she would probably have succumbed. The other 
patient, P. H., with ulcer of the foot, responded well to the bacterio- 
therapeutic measures, which were then discontinued in favor of a radical 
operative procedure with unfortunate outcome. 


In the group of four patients with postoperative infections, the 
streptococcus serum accomplished, in our opinion, all that could reason- 
ably have been expected of it. In M. H. the serum was resorted to 


with success on two occasions when a progressive streptococcic infection 
seemed otherwise uncontrollable. The eventual death of the patient 
took place without recognizable activity of the hemolytic streptococcus. 
The second patient, C. J. R., with extensive cellulitis of the abdominal 


wall, received only 25.000 units of the serum. Three days later, after 
a thoracotomy, the streptococcus had invaded the blood stream and 
the process became progressively worse until death on February 23, 
further serum treatment not being permitted. The third patient L G ' 
affords an excellent contrast. After two positive blood cultures and 

oo'nno 1 tC, " pe f t , Ure tQ 106 - 6 R ° n Ma - V 27 ’ this P ati ™t was given 
1-0.000 units of the serum intravenously in six davs with satisfactory 

e fleet. hollowing a thoracotomy on June 20 the patient made a ranid 

convalescence. The fourth patient. S. H„ after a positive blood culture 

on May 10. received 60.000 units of the serum intravenously with 

Tm’' T ***'*• Scrum Death occurred 



370 


ARCHIVES OF SURGERY 


It may be superfluous to state that these patients were, as a rule, 
not under our control, but were seen in consultation. In some instances, 
particularly when the outlook appeared most grave, the serum treatment 
was willingly accepted. Sometimes the administration of the serum 
was later interrupted. We think that further serum therapy would 
have been helpful in some of these instances. 

SUMMARY AND CONCLUSIONS 

1. Thirteen patients with conditions ordinarily classified in the field 
of general surgery, infected with hemolytic streptococci, were treated 
with the concentrated streptococcus serum of the laboratory of the New 
York State Department of Health. Eight survived and five died. 

2. In one patient after the serum therapy had been discontinued 
streptococcic septicemia developed and death occurred. Two patients 
were treated with serum after positive blood cultures were obtained, 
and in both the blood became sterile. One of these recovered. 

3. The serum is strongly recommended for infection of the hand 
in physicians, nurses and laboratory personnel, a type of lesion with 
dangerous possibilities when infected with hemolytic streptococci. 

4. In accidental and in operative wounds, streptococcic infection 
should be treated with streptococcus serum. 

5. Care should be exercised in the desensitization of patients who 
may be hypersensitive to horse serum. 



Volume 30 


MARCH 1935 


Number a 


SIGNIFICANCE OF ANAEROBIC ORGANISMS IN- 
PERITONITIS DUE TO LIVER AUTOLT SIS 

A bacteriologic study of the peritoneal exudates 

HAROLD M. TRUSLER. M.D. 

TAMES R. REEVES, M.D. 

AXD 

HUGH E. MARTIN, A.M. 

IXDIAXAPOLIS 


The medical literature of the past twenty years contains numerous 
reports designating the Welch bacillus as a factor in the etiology of 
various pathologic conditions, both clinical and experimental. The most 
recent are the reports of Andrews, Rewbridge and Hrdina, who con- 
tended that the Welch bacillus is the cause of death following the intra- 
peritoneal introduction of various sterile preparations of liver and of bile 
salts. These investigators made their observations on dogs and 
concluded that the Welch bacillus is a normal inhabitant of dog tissue. 
In view of the fact that these observations resulted from experimental 
work on liver autolysis, a brief review of the literature is indicated. 

Mann 1 in his studies on the effect of hepatectomy in the dog 
observed that if a small piece of the liver was allowed to remain in the 
peritoneal cavity the animal died much sooner than if the liver was 
entirely removed. Mason, Davidson, Matthew and Rastello , 2 thinking 
that there might be some relation between the death of the dogs and the 
toxic manifestations encountered after the intravenous administration 
ot an anticoagulant from dog liver, studied the effect of placing small 
pieces of aseptically removed liver in the peritoneal cavity of dogs. 
Ihcir conclusions were that this autolysis of the liver in vivo produces 
a powerful toxin which on absorption causes death in a few hours. 
Ehis and Dragstedt s studied the autolysis of dog liver in vivo and con- 


Erom the Research Division, Indiana University School of Medicine, 
b Mann, F. C. : Personal communication to the authors. 

2. Mason, E. C.: Davidson, E. C.; Matthew, C. W., and Rastello, P. B : A 
w - c t T,?suc Autolysis in Vivo, J. Lab. & Clin. Med. 10:622 (Mav) 19?5 

;• vTo P, : David r n ' E " C " Raste5i0 ’ P - B - : Stud >- 0{ Tissue Autolvsis 
r ?“° l0S,Cal Study ° f Toxic Material - Ibid. 10:906 (Aug.) 19?5 

OUo v' C ;. Dav ’ d '° n - E ‘ C " and Ma «hew, C. W.: Tissue Autolvrisln Vivo- 
Ob cnations Lsing Spleen, ibid. 10:997 (Sept) 19^5 " 1 

wS; L R: ' Ltoly* fa Vivo, Arch. Sutg. 
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eluded that death of the dogs is due to bacterial peritonitis. They 
described the bacterium as being a large, gram-positive, gas-forming 
anaerobic bacillus which is normally present in the liver of the adult dog 
and is similar to, but not identical with, the Welch bacillus. Andrews 
and Hidina, 1 believing that the dogs die too soon after the introduction 
of the In u substance for t heir death to be due to an ordinary infectious 
process, and observing large quantities of gas in the peritoneal cavity, 
concluded that the offending organism is the Welch bacillus and that the 
dogs die as the result of toxemia caused by the Welch bacillus. They 
further reported that this infection can be induced by the implantation 
of liver substance previously sterilized by autoclaving, and concluded 
that there resides in the implanted material some toxic substance which 
makes the infection by the Welch bacillus a practical certainty. They 
assumed that this organism is a normal inhabitant of dog tissue and 
invades the peritoneal cavity as a result of the devitalizing action of the 
toxic material. Rewbridge, 4 5 6 after studying peritonitis produced by bile 
and sterile bile salt solutions, reported that these substances likewise 
produce fatal peritonitis caused by the Welch bacillus. Andrews, Rew- 
bridge and Hrdina, 0 in a further study, concluded that infection by the 
Welch bacillus can be initiated in the pelvis, in the chest or in muscular 
tissue by the injection of sterile bile salt solutions, bile or sterile liver 
extract. 

We have been investigating this problem for the past three years. 
In certain fundamental respects our results are at complete variance with 
these sweeping conclusions. Our experiments cover several phases of 
the rather complex subject. A detailed account of our results will be 
found in the protocols and tables which follow. 


GENERAL OBSERVATIONS 

We do not find Clostridium Welchii to be a normal inhabitant of dog 
liver or dog muscle. Our experimental methods and the observations 
substantiating this -statement were reported in detail in a previous pub- 
lication. 7 In a series of normal dogs we were able to demonstrate m 
liver and muscle tissue gram-positive, gas-forming anaerobic organisms 
which on superficial study might be confused with the Welch bacillus. 
These organisms, however, were not identical with Cl. Welchn m 


4. Andrews, E., and Hrdina, L.: The Cause of Death in Liver Autolvsis, 

Surg., Gynec. & Obst. 52:61 (Jan.) 1931. . . 

5. Rewbridge, A. G. : The Etiologic Role of Gas-Forming Bacilli m Experi- 
mental Bile Peritonitis, Surg., Gynec. & Obst. 52:205 (Feb.) 1931. ... 

6. Andrews, S.,- Rewbridge, A. G., and Hrdina, L. : Causations o < 
Welchii Infections in Dogs by the Injection of Sterile Liver Ex rac s 

Salts, Surg., Gynec. & Obst. 53:176 (Aug.) 1931. Anaerobic 

7. Trusler, H. M, and Reeves, J. R.: The S.jrn.fi, ranee of. A»«™ 
Organisms in Peritonitis Due to Liver Autolysis, Arch. Sorg. 

1934. 
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morphology or in cultural characteristics. What is more important, 
no case could they be shown to produce an exotoxin m vitro. W e ha 
shown these organisms to constitute several strains of a xaguel} da 
sifted group of anaerobic, spore-forming saprophytes characterized b> 
their ability to form great quantities of gas during the rapid digestion 
of protein' and to live at high temperature. They usually are gram- 
positive and in most instances form terminal spores. The conditions 
under which these organisms cause death in dogs will be discussed later 


in this paper. _ . 

When pieces of liver removed aseptically from one dog are intro 

duced with the usual aseptic precautions into the peritoneal cavity of 
another dog, death results in a few hours. This is a common observation 
of many investigators, and a detailed account of this phase of our work 
is unnecessary. Our observations were made on a series of about thirty 
dogs, and in every instance we recovered from the peritoneal exudates 
large, gram-positive, gas-forming anaerobes. These bacteria were iden- 
tical with the organisms normally found as the bacterial flora of the liver 
of the adult dog and of dog muscle. In no instance were we able to 
isolate Cl. Welchii or any organism that produced an exotoxin in vitro. 
In general our observations on this phase of the problem were in com- 
plete agreement with the results reported by Ellis and Dragstedt. We 
found, however, that the peritoneal exudate of these dogs contained not 
only the liver organism but other anaerobes normally found in dog 
muscle. This fact, together with the observation that staphylococci, 
streptococci and colon bacilli were also present, caused us to conclude 
that probably we were contaminating the pieces of liver while placing 
them in the peritoneal cavity or that possibly the bacteria normally 
present as the flora of the abdominal wall gained access to the peritoneal 
cavity through the peritoneal incision. 


EXPERIMENTS WITH FRESH AUTOCLAVED LIVER 

Ellis and Dragstedt reported that when chunks of fresh liver are 
sterilized by autoclaving before they are introduced into the peritoneal 
cavity of the dog, the dog suffers no harmful effects. Andrews and 
Hrdtna reported that when 100 Gm. of fresh liver is finely ground and 
is then autoclaved and introduced into the peritoneal cavity, the dog 
dies in a few hours with toxemia caused by the Welch bacillus. They 
explained the difference in their results on the basis that the finely 
ground liver presents more surface for autolysis and absorption than 
the autoclaved chunks of liver and that the toxin thus produced is suffi- 
cient to cause the invasion of the peritoneal cavity by the Welch bacillus 

100 cJ T ' TT V t0 c e f ep0rtS 0f Andrews and Hrdina, that 
100 Gm of fresh dog liver finely ground and sterilized by autoclaving 

UMially does not cause death when injected aseptically into the do-’s 

pcnloncal cavity. It seemed logical to us, as mentioned earlier that 
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the intrnperitoncal implantation of preparations of liver, using ordinary 
stugjcal tcchnie, might result in contamination by the normal flora of the 
abdominal wall. ^ We therefore decided that the logical method of 
nitioducnig the liver substance in an uncontaminated state would be 
by injection. The liver was therefore ground fine enough to be 
injected through a 15 gage needle. 


1 > cpmation of the Liver Substance. — In each case the dog from which liver 
was to be obtained was placed under general ether anesthesia and was prepared 
for aseptic surgical procedure. The abdomen was split open with hot wire 
cautery, and the abdominal wall was retracted. The portal vein and the inferior 
tena cava were ligated, and the liver, removed in a more or less bloodless state, was 
placed in a large, sterile Petri dish. The liver was immediately prepared as 
follows; The gallbladder, all the large* veins, the connective tissue and the fat 
were dissected away and the remaining liver substance was passed through a 
sterile food-grinder. The ground liver was placed in 500 cc. Erlenmeyer flasks, 
eacli flask containing 110 Gtn. of the ground live r. A small handful of glass beads 
and 100 cc. of physiologic solution of sodium chloride were added to each flask, 
and the lot was autoclaved at 15 pounds’ (6.S Kg.) pressure for fifteen minutes. 
The flasks were then removed from the autoclave and were placed in a mechanical 
shaker, after the cotton plugs were replaced with sterile rubber stoppers. After 
a vigorous shaking for fort)' minutes, the liver was filtered through gauze to 
remove the glass. The finely divided liver substance resulting was light brown 
and formed a suspension in the 100 cc. of physiologic solution of sodium chloride. 
The liver substance was put in 250 cc. Erlenmeyer flasks and was again autoclaved 
at 15 pounds’ pressure for fifteen minutes. The preparation was then set in the 
icebox to await injection, the cotton plugs being first replaced with sterile rubber 
stoppers. 


Experiment la. — Two dogs were prepared as for aseptic surgical procedure. 
A sterile 15 gage needle was pushed through the midline into the peritoneal cavity, 
and the liver substance was introduced by means of a 30 cc. syringe. We hoped 
in this way to introduce the needle without penetrating the muscle tissue. 

In brief, the results of this experiment were as follows: Both dogs died 
approximately fifteen hours after the introduction of the liver substance. The dogs 
were examined with aseptic precaution, and specimens for smears and for cultures 
were taken of the peritoneal exudate and peritoneal surface. The autopsy observa- 
tions on both dogs were typical. Needle puncture wounds were found penetrating 
the rectus muscle of each dog. In each case the abdomen contained about 500 cc. 
of thin bloody fluid. Both the liver and the spleen showed cloudy swelling but 
were not crepitant. There was moderate enteritis, most marked in the duodenum. 
The injected particles of liver were adherent to the omentum. The peritoneal 
surfaces were markedly injected and fiery red. The cultures and smears all 
yielded large, gram-positive, gas-forming anaerobes, staphylococci, streptococci an 
colon bacilli. Subsequent bacteriologic study of the gram-positive anaerobe re\ea e 
that it was identical with the anaerobic bacillus normally present in dog muse e. 
Tests on this organism for toxicity showed that it did not produce an exotoxin m 
vitro We were still of the opinion that contamination of the injected liver su - 
stance occurred as the needle passed through the abdominal wall. With tins in 
mind the experiment was modified as shown in experiment lb. 

Experiment lb.— Two dogs were prepared for injection as described m expen- 
ment L In this instance a slit was tamed well through the star ■ - 
muscle in the midline of the dog’s abdomen with a wire cautery. Care . 
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not to burn through the peritoneum. The 15 gage needle was then introduced 
through the cautery incision into the peritoneal cavity. The results o this experi- 
ment were different from those observed in experiment la. One of the dogs lned 
indefinitely, and was used some months later in another experiment. The other 
dog died eleven days later of an extensive pneumonic process involving both lungs. 
Autopsy of this dog revealed that the abdominal cavity contained no gas or fluid. 
The liver and spleen were firm and were not crepitant. The lobes of the li\er 
were adherent, with light, filmy adhesions. The omentum was the site of much 
black pigmentation and was bound to the site of the injection. The peritoneal 
surfaces were smooth and glistening. There was no sign of exudate on the peri- 
toneal surfaces. A few particles of the injected liver substance were matted to 
the omentum, from which the normal fat was entirely absent, as if absorption had 
occurred. The pleural cavity contained from 25 to 30 cc. of dark bloody fluid. 
Both lungs were extensively involved with a pneumonic process. An account of 
experiments la. and lb will be found in table 1. 


Table 1 ( Experiment 1). — Bacteriologic Study of Peritoneal Exudate of Dogs 
lulo Which Fresh Finely Ground Dog Liver Sterilised by Autoclaving 
IVas Injected Intraperitoncally 


Dog 

Smear 

Culture 

Survival 

Organism 

Exotoxin 

Cause of Penth 



Experiment la (Without the Cautery) 



TG 

Positive 

Positive 

15 hours 

Muscle organism; 
staphylococcus; 

Xone 

General peritonitis 





streptococcus; 
colon bacillus 



77 

Positive 

Positive 

■ 15 hours 

Muscle organism; 
staphylococcus; 

Xone 

General peritonitis 





streptococcus; 
colon bacillus 





Experiment lb 

(With the Cautery) 



597 

Xone taken 

Xone taken 

Survived 

None 

Xone 

Pog survived 

5PS 

Xone taken 

>'one taken 

11 days 

Xone 

Xone 

Pneumonia; no 
peritonitis 


We showed that when the liver was introduced aseptically by means 
of a small cautery incision through the skin, fascia and muscle and a 
needle puncture through the intact peritoneum, two dogs survived the 
injection, but that when the needle was inserted through the abdominal 
wall without cautery two dogs died of bacterial peritonitis. This obser- 
vation led us to believe that finely ground fresh liver substance sterilized 
by autoclaving does not cause the death of the dog if the material is 
not contaminated in the process of its introduction. 

The object of our next experiment was further to substantiate the 
thought that finely ground, sterile liver introduced in an uncontaminated 
state remained uncontammated until absorbed. To prove this point it 
seemed necessary to remove samples of peritoneal exudate from the 
dog s peritoneal cavity for culture and smear from time to time follow- 
ing the introduction of the liver material. An attempt to aspirate 
peritoneal exudate through a 15 gage needle was more or less unsuccess- 
ful. but we found that by using a needle perforated In several places 
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near the beveled end peritoneal exudate can be aspirated successfully. 
1 his method was used in experiment 2. 

h.\ pci intent 2. Liver substance was injected into four dogs in the same manner 
as was described for experiment lb. As an added precaution against contamina- 
tion the needle was heated red-hot before it was introduced through the cautery 
slit. The substance was successfully injected into three of the dogs in this 
manner. In the other dog a portion of the liver substance was inadvertently 
injected into the abdominal wall before it was seen that the needle had not com- 
pletely entered the peritoneal cavity. The dogs were examined eighteen hours 
later. The dog with a portion of the liver preparation injected into the abdominal 
wall was dead and in rigor. The other three dogs were lying on their sides, 
breathing deeply. They were not comatose, however, and were able to stand 
when placed on their feet. 


Table 2 ( Experiment 2). — Bacteriologic Study of Peritoneal Exudate of Dogs 
Into Which Fresh, Finely Ground Liver Sterilised by Autoclaving Was 
Infected Intrapcritoncally 


Dog 

Samples ^Removed 
After 18 Hours 

Survival 

S3" 

Sracnr and cul- 
ture, negative 

Killed after 
2 weeks 

S3S 

Smear: positive 
for gram-positive 
bacilli and other 
contaminants 

Found dead 
and in rigor 
In 38 hours 


Culture: positive 
for gram-positive 
bacilli and other 
contaminants 


839 

Smear and cul- 
ture, negative 

Alive after 

C months 

S40 

Smear and cul- 
ture, negative 

Killed after 

3 months 


Autopsy 

No peritonitis; no fluid or g ns in the peritoneal 
cavity; spleen and liver normal as to color and con- 
sistency; peritoneal surfaces smooth and glistening 


Some of the liver substance was injected by mistake 
into the abdominal wall; as a result examination 
showed: right rectus muscle necrotic and Mown up 
with gas; general peritonitis with gas and turbid 
brown fluid in the peritoneal cavity, caused by 
direct extension of the infection through the peri- 
toneal puncture 


ot killed 

a peritonitis; peritoneal surfaces smooth and glls- 
ning; liver and spleen normal as to color and con 
jtency; a few filmy adhesions between the lobe, 
the liver 


After the intracutaneous injection of a 1 per cent solution of procaine hjdro 
chloride as an anesthetic, a specimen of peritoneal exudate was aspirated from eac i 
dog for culture and smear. To obtain the fluid a perforated 15 gage nee e was 
introduced with the same cautery technic employed in the original injection. ’ 
peritoneal exudate of the living dogs was clear and blood-tinged, w < e a 
the dead dog was turbid and dark brown. All cultures and smears o e p 
toneal exudate of the living dogs were negative for bacteria, wu e o i tc • 

and the culture of the peritoneal exudate of the dead dog yielded a g . ra,n ' „ ’ 

gas-forming anaerobe which proved on further study to be t e orgamsn 
present in the muscle. 

Autopsy of the dead dog revealed the right rectus muscle to e ^cnVere 
blown up with gas. There was generalized peritonitis ™ehv^ d 
not crepitant, although there were gas and a ^antiti ^ ^ of 

cavity. The three living dogs continued t0 ^prove and J ^ 

food and water on the third day. At the end of do?s {or sn ,car 

made to aspirate some of the peritoneal exudate from one 
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and culture, but no fluid could be obtained from the peritoneal cavity. One of 
the dogs was killed two weeks following the implantation of the liver substance. 
The general condition of the dog was good. Examination revealed complete heal- 
ing of the cautery wounds in the abdomen. The peritoneal surfaces were smooth 
and glistening. There were no signs of peritonitis. The liver and spleen were 
normal as to color and consistency. The only evidence of the previously injected 
liver substance was an occasional minute particle caught in the omentum. Light, 
filmv adhesions were found between the lobes of the liver and between the li\cr 
and "the diaphragm. The other two dogs were kept under constant observation, and 
except for a tendency to become extraordinarily fat no other observations of 
clinical interest were noted. One of the dogs was killed three months following 
the implantation of the liver. Autopsy revealed essentially a normal peritoneum. 
The light, filmy adhesions found in the first dog were between the lobes of the 
liver and between the liver and the diaphragm. There was a great deal of fatty 
infiltration about the viscera. The omentum was completely regenerated and 
contained a few areas of brownish pigmentation. The other dog was alive and 
apparently normal six months after the introduction of the liver substance. Table 
2 gives an account of the experiment. 

In experiment 2 we found that in three dogs 100 Gm. of fresh auto- 
claved liver, when injected aseptically into the peritoneal cavity, did not 
cause death. The material made the animal ill for a few days. How- 
ever, one dog (838) in the series died, and in this case there was evi- 
dence of bacterial peritonitis associated with the infection in the wound 
caused by injecting the material into the abdominal muscles. The 
infection was due to organisms normally found in the abdominal wall 
of the dog. At autopsy we found the needle puncture wound digested 
and the infection extended into the peritoneal cavity. Obviously the 
material forms an ideal culture medium and when contaminated in any 
way causes death in a manner similar to that observed when fresh liver 
containing its normal flora is introduced into the peritoneal cavity. We 
have shown, however, that when 100 Gm. of fresh, finely ground, 
autoclaved liver is injected intraperitoneally in an uncontaminated state 
it remains sterile until absorbed and will not cause the death of a 
normal, healthy dog. 


EXPERIMENTS WITH INCUBATED LIVER 

Andrews and Hrdina reported toxemia caused by the Welch bacillus 
as a terminal event after the intraperitoneal introduction of dog liver 
which had been incubated and then sterilized by autoclaving, '"in an 
effort to substantiate these observations we conducted a series of experi- 
ments.. The technic employed in injecting the liver substance and in 
aspirating the peritoneal exudates for bacterial smear and culture was 
tne same as that employed in experiment 2. 


-fist: usst th i 

the normal flora present or before incubation is contaminated trith otbS 
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bacteria The livers were removed from dogs in the same bloodless, aseptic 
manner described carher in this paper. The linen, grinder, physiologic solution of 
sodium chloride and instruments and everything coming in contact with the liver 
were, autoclaved. The technician was gowned, gloved and masked as for an 
aseptic surgical procedure. As an added precaution the livers were thoroughly 
scalded with autoclaved distilled water just before they were ground and placed in 
the sterile Erlcnmeyer flasks. Three preparations of the incubated liver were 
made. One preparation was incubated for twenty-four hours, another for forty- 
eight hours and the third, for seventy-two hours. Sterilization in the autoclave, 
shaking, filtering and resterilization in the autoclave were done in the same 
manner as described for the preparations of fresh liver. 

As was mentioned previously, the anaerobic bacterial flora of the normal adult 
dog liver enters actively into the digestion of the liver substance when the liver 


is incubated. Digestion is rapid, great quantities of gas being produced in twenty- 
four hours. The process continues for forty-eight hours and more but in most 
cases is complete in seventy-two hours. After autoclaving the material is dark 
brown with a pungent odor that is not putrefactive unless the liver has been con- 
taminated with extraneous bacteria before incubation. 


Experiment 3 . — Four dogs were used in this experiment. One hundred grams 
of ground liver incubated for twenty-four hours and sterilized by autoclaving was 
injected intraperitoneally into each dog. Eighteen hours later two dogs were 
dead and the other two were prostrate and dyspneic. One of the dead animals 
showed rigor and too much postmortem change to justify any bacterioiogic study. 
In the other it was apparent that death was recent, and material for smears 
and culture was taken from the peritoneal exudate of this animal. No gram-posi- 
tive bacteria were found on the smear, but the culture was positive for gas-forming 
bacilli after incubation for eighteen hours at 40 C. Subsequent study and tests 
for toxicty on the gram-positive organism in this culture proved that it was the 
organism normally present in the muscle and that it did not produce an exotoxin 
in vitro. 


Samples of the peritoneal exudate were removed from the two living dogs 
fourteen hours after the introduction of the liver material. All the smears and 
cultures of these specimens of peritoneal exudate were negative for bacteria. One 
of these two dogs was found dead nine hours later, twenty-three hours after the 
liver was injected. A sample of peritoneal exudate was removed from the other 
dog twenty-three and a half hours after the injection of the liver material. The 
dog was prostrate and more or less comatose at this time. Both the smear and 
the culture were negative for bacteria. When the dog was examined fourteen hours 
later his condition was much improved, and no sample of peritoneal exudate was 
taken. Six weeks later the dog was still living but was gaunt and emaciated. The 
dog died four or five days later and was cremated by an inexperienced caretaker 
before an autopsy could be performed. 

The smears of the peritoneal exudate of dogs into which was injected the liver 
substance which was incubated are more or less difficult of interpretation; steriliza- 
tion in the autoclave, although it kills the bacteria does not cause the disintegration 
of the bacterial bodies. Consequently all the smears of . the peritoneal exudate ot 
dogs into which this material was injected were positive for bacterial form • 
These forms, however, stained gram-negative, had fuzzy outlines and w 
granular. If stains are made of the incubated liver preparation immediately aw 
it is autoclaved, many of the bacterial forms stain gram-positive. After a. week 
so in the icebox these bacterial forms always take a gram-negative slat • 
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interpreted as positive those smears which showed the presence of large, clearcut 
bacterial bodies which stained a definite gram-positive, or any stained smear was 
considered positive which showed the presence of staphylococci, streptococci or 

colon bacilli. ...... .. e .. 

Typical postmortem observations on the dogs which died as the result of tn 

intraperitoneal injection of the incubated liver preparations were as follows: The 
abdomen contained about 500 cc. of thin bloody fluid. The injected liver particles 
were caught in the omentum. The omentum and all the peritoneal surfaces were 
markedly congested and fiery red. There was no free gas in the peritoneal cavity. 
The liver and spleen showed cloudy swelling but were not crepitant. There was 
severe enteritis in the entire alimentary tract, most severe in the duodenum. The 
intestines, stomach and urinary bladder were usually contracted. The abdominal 
wall was edematous and the superficial veins were engorged with blood. An 
account of the experiment is given in table 3. 

Table 3 ( Experiment 3). — Bacleriologic Study of Peritoneal Exudate of Dogs 
Into Which Finely Ground Liver Incubated for Twenty-Four Hours and 
Sterilised by Autoclaving Was Infected Intrapcritoueally 


Dog 

First 

Sample 

Subsequent 

Samples 

Survival 

Autopsy 

su 

14 liours: smear 

Xone taken 

Dead and in 

So examination 

S42 

and culture 
negative 

Smear and cul- 


rigor in 23 
hours 

Dead and in 

Xo examination 

S43 

ture not made 

14 hours: smear 

23% hours: 

rigor in 12 
hours 

Six weeks 

Dog was cremated before autopsy 

S« 

and culture 
negative 

12 hours: smear 

smear and 

culture 

negative 

Dead in 12 

could be done 

Abdomen contained about 500 cc. of 


and culture, posi- 
tive lor gram -positive 

hours; rigor 
had not 

blood-tinged fluid; no free gas in 
the abdomen; liver and spleen not 


bacilli and other 
contaminants 


set in 

crepitant: marked enteritis 


Experiment 3 proved that 100 Gm. of ground liver incubated for 


j — — w,,. ouiuuavc iuuuj mure toxic to 

the dog than ground fresh autoclaved liver. The incubated liver usually 
causes the death of the dog in a few hours, although in this experi- 
ment one of the animals survived the injection for about six weeks. 

We were of the opinion that the dogs into which this material was 
injected did not have bacterial peritonitis before they died, although the 
experiment did not definitely prove this. All the smears and cultures 
of the peritoneal exudate removed from these dogs before death were 
stcnlc. It seemed that the bacterial invasion of the peritoneal cavity 
occurred only after the dog died, but in order to be sure of this it was 
obvious that a more careful watch of the dogs was necessary, for the 
purpose of culturing the peritoneal exudate at the time of death To 
do tins and at the same time to see if the forty-eight hour incubated 
liver substance was more toxic than the twentv-four hour i”cuba d 
bver. experiment 4 was carried out. ' mcuoated 
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Experiment' -/.—Three dogs were used. The experimental methods and obser- 
vations were identical with those employed in experiment 3, except that in this 
instance ground liver which had been incubated for forty-eight hours and then 
sterilized by autoclaving was injected intraperitoneally. All three dogs died as 
the result of the injection. One of the dogs died twelve hours after the injection; 
one from eighteen to twenty-one hours after the injection, and the third, twenty- 
two hours after the injection. Cultures and smears of the peritoneal exudate 
removed from the peritoneal cavities of the three dogs twelve hours after the 
injection of the liver material were alt negative for bacteria. One of the dogs died 
as the exudate was being removed from the peritoneal cavity. One of the remain- 
ing dogs died eight hours later before a second sample of exudate could be taken. 
A sample of peritonea! exudate was removed from the other dog just a few 
minutes before the dog died. The culture and smear of this sample were both 
negative. An account of the experiment is given in table 4. 


Table 4 (Experiment 4). — Bactcriologic Study of Peritoneal Exudate of Dogs 
Into JVhich Finely Ground Liver Incubated for Forty-Eight Hours and 
Sterilized by Autoclaving Was Injected Intraperitoneally 


Dog 

First 

Sample 

Subsequent 

Samples Survival 

Autopsy 


12 hours: smear 
nnd culture, 
negative* 


Xo bacterial peritonitis: no gas in 
the peritoneal cavity; marked enter- 
itis; about 500 ec. ot blood-tinged 
fluid in the peritoneal cavity 

S4G 

12 hours: smear 
and culture, 
negative 

Xone taken Dead and in 
rigor in 

20 hours 

A'o examination 

S47 

12 hours: smear 
and culture, 
negative 

22 hours: 22 hours 

smear nnd cul- 
ture negative* 

Observations same as those tor 
dog S45 


* Sample ot peritoneal exudate was removed as the dog was dying. 


In experiment 4, smears and cultures of specimens of peritoneal 
exudate from the three dogs taken twelve hours after the injection of 
the liver substance were all negative for bacteria. In the case of two 
dogs smears and cultures of specimens taken at the time of death were 
likewise negative. There was no reason to believe that bacterial 
peritonitis developed before death. 

It was evident that this material was much more toxic to the dog 
than the liver incubated for twenty-four hours. The dogs were 
obviously in a greater state of shock. In an effort to determine whet ler 
or not a still more toxic material would alter the bacteriologic resu ts, 
liver incubated for seventy-two hours was injected into four ogs. 
This was experiment 5. 


Experiment 5- Ground liver incubated for seventy-two hours and sterilized by 
autoclaving was injected intraperitoneally into four dogs. The tec mc ^ 
same as that employed in the preceding experiments with incubated • 
was found dead five hours following the injection. Both the culture an 
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oi the peritoneal exudate contained gram-positive bacteria, staphylococci, strepto- 
cocci and colon bacilli. The gram-positive organism was not Cl. W e chu. 

One dog was prostrate and comatose in five hours. Both the culture and the 
smear of the -peritoneal exudate removed at this time were negative for bacteria. 
One-half hour later, as the dog was dying, a second specimen of the peritoneal 
exduate was removed. The culture and smear of this specimen were likewise nega- 
tive. A third sample was removed one-half hour post mortem. This sample was 
negative for bacteria on culture and on smear. 

The other two dogs were prostrate, but reacted and were therefore kept under 
observation. Twenty-four hours after the injection of the liver material samples 
of peritoneal exudate were removed from both dogs. Both the smear and the 
culture of the peritoneal exudate removed from one of the dogs were negative. 
A sample of peritoneal exudate was removed from the same dog six hours later. 


Table 5 (Experiment 5). — Bacteriologic Study of Peritoneal Exudate of Dogs Into 
Which Finely Ground Liver Incubated for Seventy-Two Hours and Sterilized 
by Autoclaving Was Injected Intrapcriloncally 


Dog 

First 

Sample 

Second 

Sample 

Third 

Sample Survival 

.Autopsy 

£43 

5 hours: 
smear and 
culture, posi- 
tive: dog 
dead 

Hi hours 
post mortem: 
smear and 
culture, 
positive 

Xone taken Found dead 
in 5 hours; 
no rigor 

So gas in the peritoneal 
cavity; liver and spleen 
not crepitant; about 300 cc. 
of bloody fluid in the peri- 
toneal cavity: much injec- 
tion of the peritoneal 
surfaces; marked enteritis 

S.'d 

24 hours: 
smear, nega- 
tive; culture, 
positive 

27 hours: 
smear, nega- 
tive; culture, 
positive* 

115 hours 27 hours 

post mortem: 
smear and cul- 
ture, negative 

Same os for dog 849 

sat 

24 hours: 
smear and 
culture, 
negative 

SO hours: 
smear and 
culture, 
negative 

Hi hours S3j£ hours 

post mortem: 
smear and cul- 
ture, positive 

Same as for dog £49 

S52 

5 hours: 
smear and 
culture, 
negative 

515 hours: 
smear and 
culture, 
negative* 

!i hour post 515 hours 
mortem: 
smear and cul- 
ture, negative 

Same as for dog £49 


’ This sample ol peritoneal exudate was removed as the dog was dying. 


It was likewise negative for bacteria. Five hours after the removal of the second 
sample the dog died. A third sample of peritoneal exudate was removed one and 
one-half hours post mortem. Both the smear and the culture of this sample of 
peritoneal exudate were positive for bacteria of many kinds. 

The observations on the remaining dog of the series were unusual. Three 
samples of peritoneal exudate were removed. The first sample was removed three 
hours beiore death, the second as the dog died, and the third one and one-half 
hours post mortem. The smears were all negative for bacteria. Both cultures 
taken beiore death were positive for gram-positive anaerobes, staphylococci and 

was negative tor bactcnal growth. This unusual result could be explained onk- 
ZtS”* T >” -»><« of .His expert Jnt Z Il°t 

Tl,o experiments with incubated liver showed that dogs always die 
S " K ’...tnpcntoneal injection of this preparation, usually in a 
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few hours The peritoneum of several of the dogs into which the 
incubated liver was injected was shown by culture and by smear of 
the peritoneal exudate to be sterile. at death. On the other hand, the 
peritoneal exudate of several of the dogs was shown by culture to 
be contaminated with grain-positive, gas-forming anaerobic bacilli, 
stapln lococci, streptococci and colon bacilli. The essential fact is that 
preparations of fresh liver which are allowed to incubate from twenty- 
four to seventy-two hours before being sterilized contain in themselves 
some toxic factor which is sufficient to cause the death of the dog in 
every instance. When a sample of peritoneal exudate yielded a gram- 
positive, gas-forming anaerobe, subsequent isolation and study of the 
organism proved it in most instances to be the organism commonly 
found in the muscle of normal adult dogs. In no instance were we able 
to isolate Cl. Welchii or any organism that produced an exotoxin in vitro. 
The fact that smears were repeatedly negative for living bacterial forms, 
that positive cultures were usually associated with common contaminants 
and that our observations were variable led us to believe that contami- 
nation was still a great factor in our results. It is true that when fresh 
autoclaved liver was injected subsequent cultures of the peritoneal 
exudate were almost uniformly negative, indicating that under these 
conditions the technic of cautery and needle puncture was adequate to 
prevent contamination. When, however, a dog was prostrated and 
dying from the shock of the highly toxic incubated and autoclaved liver, 
the peritoneal cavity was more easily infected by the insertion of a large 
needle through the abdominal wall. This belief was strengthened by 
the observation that the toxic incubated suspensions of liver caused 
marked venous engorgement and edema of the abdominal wall. Cautery 
burns and perforations by a hot needle of this highly vascular and 
edematous tissue could be the source of bacterial contamination of 
the peritoneal cavity. Some procedure for introducing the material 
into and aspirating peritoneal fluid from the abdominal cavity with more 
strict bacteriologic technic seemed necessary. Therefore, a method was 
devised, as used in experiment 6. 


Experiment 6. — By careful aseptic surgical procedure a small area of the peri- 
toneum of the dog was exposed through an incision in the lower right quadrant 
of the abdomen about 1 inch (2.5 cm.) from the midline. The peritoneum at tus 
point is continuous with the aponeurosis of the internal oblique muscle an orms 
a tough, resistant structure. The skin was opened with a cautery, an t ie 
muscles were separated with as little trauma and bleeding as possible. The 1 " stru 
ments used for the operation were thoroughly phenolized as well as boile e ore 
they were used. The exposed peritoneum was grasped with two mosquito orccps 
and lifted out of the peritonea! cavity. A purse-string suture of sterile, s rong 
silk was sewed in the peritoneum about the clamps. A small incision a ou 
y s j nc h (0.9 cm.) long was made through the peritoneum inside the purse stri n 
suture. The edges of the cut peritoneum were grasped with mosquito orccps at 
turned outward. The end of a sterile glass tube especially designed or i 
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,l,e first ™str<ct,ofi securelv "about the second constriction. This procedure 
"Z fZ tube to the peritoneum and made a b.cteria-tight closure about 
The uSoi.1 incision tea, then carefully Cosed about « m tu 
r I : _ _ ot t0 tie off or devitalize any muscle tissue. Figure 1 illustrates the 

T /the tube and the manner of its insertion. The tube can easily be made 
nature of the d searing the vaccine bottle stopper with a wire 

tZj Z of peritoneal exudate cau be removed in an uncon- 




Fig. 1.— A diagram showing the insertion of the tube used to obtain uncon- 
taminalcd samples of peritoneal exudate from the dog’s peritoneal cavity. 


laminated state. Likewise, any material that can be injected through a hypo- 
dermic needle can be introduced intraperitoneallv in an uncontaminated state. 
Ibis arrangement has proved ideal for any study of the peritoneal exudate of 
•logs taking place over a period of from thirty to forty-eight hours following the 
placing of the tube. After a time the peritoneum devitalized bv the grasp o°f the 
retaining sutures will slough, and the point of the insertion of the tube will no 
longer he hactcriologically tight. 

Ly mine this technic the following experiment was carried out: The tube was 
anchored to the peritoneum of three dogs in the manner described. One hour after 
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(he insert foil of (he tube 100 Gm. of ground sterile liver incubated for seventy-two 
hours was injected into one dog. Liver incubated for forty-eight hours' was 
injected into another dog, and liver incubated for twenty-four hours was injected 
into the third. The preparation of the liver was the same as that described earlier 
in this paper. Samples of peritoneal exudate were removed at one and a half and 
two hour intervals until the death of the dogs. The dogs were kept in a lethargic 
and painless state hv the intramuscular injection of small amounts of morphine 
and sodium anivtal. In brief, the results of the experiment were as follows: 

I he (log into which the liver, incubated for seventy-two hours, was injected died 
in nine hours. During this time five consecutive samples of the peritoneal exudate 

Taupe 6 (Experiment 6). — Bactcrioloyic Study of Peritoneal Exudates, Samples of 
Which Were Removed Through the Tube Described in Experiment 6 


Liver 

Dog Incubated for Samples 
1*51 T2 hours l 

o 


4 

5 
(i* 
7t 
si 

054 4s hours X 


4 

5 
0 
7 
S 

a 

10 

n 

12 * 

13t 

933 24 hours 1 

o 

5* 

4f 

5* 

Gl 


TJme 


Taken 

Smears 

Culture 

2 hours 

3% hours 

5 hours 

C% hours 

S hours 

9 hours 

10 hours 

11 hours 

Negative 

Negative 

Negative 

Negative 

Negative 

Negative 

Negative 

Negative 

Negative 

Negative 

Negative 

Negative 

Negative 

Negative 

Negative 

Positive 

15 minutes 

2% hours 

4% hours 

0% hours 

S% hours 

10% hours 

12% hours 

14% hours 

16% hours 

19 hours 

2 2 hours 

24 hours 

25 hours 

Negative 

Negative 

Negative 

Negative 

Negative 

Negatire 

Negative 

Negative 

Negative 

Negative 

Negative 

Negative 

Negative 

Negative 

Negative 

Negative 

Negative 

Negative 

Negative 

Negative 

Negative 

Negative 

Negative 

Negative 

Negative 

Negative 

15 minutes 

2% hours 

5% hours 

6% hours 

7% hours 
»% hours 

Negative 

Negative 

Negative 

Negative 

Negative 

Negative 

Negative 

Negative 

Negative 

Positive 

positive 

positive 


* This sample was removed as the dog died, 
f This Sara pie was removed one hour post mortem, 
t This sample was removed two hours post mortem. 
§ This sample was removed four hours post mortem. 


were removed for bacteriologic smear and culture. One sample was ta eit a 
dog %vas dying. Two samples taken subsequently were removed one an wo 
post mortem. All smears, including the one taken two hours post mor ei > 
negative for bacterial growths. Cultures of the first seven sampes o p * 
exudate removed, including the one removed one hour post mortem, v 
negative. Culture of the sample of peritoneal exudate i removed two ^ 
mortem was positive for bacterial growth after incubation for eig ^ cxBdatc 
40 C. Subsequent study of the organism showed that it was pre- 
in pure culture and that it was identical with the organism commonly 

The second dog, into which was injected liver material 
hours, lived for twenty-four hours. During this time thir e 
of tte peritoneal exudate were removed. All the smears of these sample 
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negative for bacteria. Cultures taken of the peritoneal samples were likewise 
negative for bacterial growth. The last sample was removed one hour po.t 

"^The third dog. into which was injected liver material incubated for twenty-four 
hours lived for five and one-half hours. Three samples of peritoneal exudate were 
removed from this dog while it was still living, the third sample being removed 
as the dog was dying. Three samples taken subsequently were removed one, two 
and four hours post mortem. Smears of all six of the samples were negative for 
bacteria, while cultures of the three samples removed post mortem showed 
bacterial growth. Bacteriologic study of the positive cultures showed a gram- 
positive anaerobe that existed in the peritoneal exudate in pure culture. This 
organism was likewise identical with the organism normally present in the muscle 
tissue of adult dogs. An account of the experiment is given in table 6. 


The technic described in experiment 6 enabled us to collect numer- 
ous sterile cultures from the peritoneal exudate of dogs dying as a 
result of the toxic injection. With these meager data we are not pre- 
pared to say that all normal dogs have a sterile peritoneum. We have 
proved, however, that the incubated liver is sufficient in itself to cause 
the death of the dog. We believe that any bacterial growth found in 
the peritoneal cavity in the experiments reported earlier is probably due 
to contamination. We seriously doubt the possibility of the incubated 
liver material ever causing the antemortem invasion of the peritoneal 
cavity by bacteria. We are certain that in these experiments it has not 
caused the invasion of the peritoneal cavity by Cl. Welchii during life. 
It seems that dogs receiving ground, incubated, sterile liver intra- 
peritoneally die with a sterile peritoneum. In two of the dogs in experi- 
ment 6 the peritoneum remained sterile as long as one hour post mortem. 


EXPERIMENTS WITH STERILE SOLUTION'S OF BILE SALTS 

Rewbridge and Andrews, Rewbridge and Hrdina have reported that 
a 10 per cent sterile solution of bile salts (5 cc. per kilogram) is 
uniformly fatal to the dog when it is introduced intraperitoneally. In 
their opinion death is due to peritonitis caused by the Welch bacillus 
induced by the intraperitoneal implantation of the bile salt solutions. 
It has long been known that bile salts are toxic per se. but Rewbridge 
reported that the bile salts are not absorbed into the blood stream to 
toxic levels sufficient to cause the death of the dogs. He concluded that 
death is caused by the devitalizing action of the bile salts on the peri- 
toneum bringing about a subsequent invasion of the peritoneal cavity 
by the Welch bacillus, which he considered to be a normal inhabitant of 
dug tissues. Our observations on this phase of the subject are the result 
ot experiment 7. 


r—As tvc tvcre uncertain ivhitthcr autoclaving would affect He 
" r *““>» »I tit. bile salts, tve prepared wo 
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different solutions. One solution was sterilized by passing it through a Berkefeld 

“„ Q °"" r ' T Eo,h pr ' parat “ ,: ^ St 

culture; A 10 per cent solution of bile salts was prepared by dissolving equal 
quant, fes of sodium taurocholate and sodium glycocholate in distilled water 
Andrews, Rewbndgc and Hrdina having reported that 5 cc. per kilogram of such 
a solution was uniformly fatal to the dog, we used that amount in our 
experiments. 

Four dogs were prepared in the usual way for aseptic surgical procedure. In 
two of the dogs a glass tube was anchored to the peritoneum in the manner 
described in experiment 6. Each of these dogs received an intraperitoneal injection 
of the bile salt solution through the tube. In one case, bile salts sterilized by 
passage through the Berkefeld filter were used, and in the other, autoclaved bile 
salts. 


With the thought that in case the animal survived the presence of the tube 
might vitiate later observations, we employed a different technic in injecting the 
solution into the other two dogs. In these animals the peritoneum was exposed, 
but instead of the tubes being anchored a 15 gage needle was inserted and tied 
with a purse-string suture to the peritoneum. After the bile salt solution was 
injected the needle was withdrawn, and the perforation of the peritoneum was 
closed by the suture. The incisions were then repaired. The four dogs were kept 
under constant observation. 

The results of this experiment were as follows: All four dogs died, those 
receiving the bile salt solutions sterilized by passage through the Berkefeld filter 
dying first. Five samples of peritoneal exudate were removed from the dog 
which had received through the tube the bile salt solution sterilized by filtration. 
The first sample was taken one hour following the injection and the second, four 
hours later as the dog was dying; the other three samples were removed one, two 
and three hours post mortem. No bacteria of any kind were found on stained 
smears of these samples. Cultures of the first three samples, including the one 
taken one hour post mortem, were negative for bacterial growth. Cultures of the 
last two postmortem specimens were positive for bacterial growth, even though no 
bacteria were seen in the smears. 

Three samples of peritoneal exudate were removed from the dog which had 
received the autoclaved bile salt solution through the tube. This dog survived the 
injection twenty hours. The first sample was removed five hours after the injec- 
tion of the bile salts, the second four hours later and the last one and one-half 
hours post mortem. Smears of the first two samples revealed an occasional gram- 
positive rod, but no other bacteria. A smear of the sample taken post mortem 
revealed bacteria of mail}' kinds. Cultures of all three samples showed a growth 
of different kinds of organisms. This result was explained when the dog tvas 
examined at autopsj r . At this time we found the stomach full of bones, vit i a 
perforation in the lower border of the fundus about 1 cm. in diameter. This ia 
the appearance of an old ulcer, and microscopic section confirmed this diagnosis. 
Obviously this perforation of the stomach contaminated the peritoneal cavity. ^ 
that reason no effort was made to isolate or to determine the morpho og> ° ^ 
bacteria present in the cultures. We mention these findings only to comp e 

The two dogs which received the injection of the bile salt solution tli^ 

needle were closely watched in order to obtain cultures at the time ° outcry 

each instance, as the dog was dying a needle was inserted through a 
wound in the abdominal wall and samples of peritoneal exudai 
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Cultures and smears of both these samples were negative for bacteria. In general, 
these dogs presented the same picture of prostration and shock as was observed 
when the incubated liver preparations were injected. 

Autopsy observations on the dogs were similar, with the exception of those on 
the dog with the perforated stomach. In this animal there was a large amount of 
brownish-red turbid fluid and free gas in the peritoneal cavity. The other three 
dogs presented the following findings: The peritoneum and omentum were 
moderately injected. The peritoneal cavity contained about 300 cc. of bright red 
fluid. The liver and spleen were swollen but firm and not crepitant. Enteritis 

Table 7 (Experiment 7).—Bactcriologic Study of Peritoneal Exudate of Dogs Into 
Which Sterile Solution of Bile Salts I Fas Injected Intraperitoncally 


Dog 

Samples 

Smears 

Culture 

Survival 

Autopsy 



Solution Sterilized by Autoclaving 

939 

1 hour 

Positive 

Positive 

20 hours 

Congestion of the peritoneal sur- 
faces and omentum; 500 cc. of 


3 hours 

Positive 

Positive 


brownish-red turbid fluid in the 
peritoneal cavity; marked enteritis 


l\i liouts 

Positive 

Positive 


in the ileum, less marked in the rest 


post mortem 




of the gastro-intestinal tract; dis- 
tended gallbladder; perforated ulcer 






in the lower margin of the fundus 
of the stomach 

SGI 

Removed as 

Negative 

Negative 

S hours 

Moderate congestion of the perlto- 


dog died 




neal surfaces and omentum; 500 cc. 






of bright red fluid in the peritoneal 
cavitv; marked enteritis in the ileum, 






less marked in the rest of trio 






gastro-intestinal tract; marked con- 
traction of the ileum; distended 
gallbladder; laked blood in the peri- 
toneal cavity 



Solution Sterilized by Berkefeld Pilter 

oco 

1 hour 

3 hours 

1 hour post 

Negative 

Negative 

Negative 

Negative 

5 hours 

Same as for dog 001 


mortem 

2 hours post 

Negative 

Negative 




mortem 
o hours post 

Negative 

Positive 




mortem 

Negative 

Positive 




Removed ns 

Negative 

Negative 


Same as for dog OGl 

. 

doc died 

• 



was marked m the ileum, but was less marked in the rest of the gastro-intestinal 
tract. The ileum was tightly contracted throughout its entire extent. The 
jejunum and duodenum were moderately distended with gas. The large intestine 

T aCted - Th£ gallb,adder in every instance ™ swollen and 
ten e with bile. There was no gas present in the peritoneal cavity. It interested 

us to note that within one-half hour after the injection of the bile salts The S 

!»«"> •>« >0 l.W,g oi ,l« extra vasated blood A, tS 

m the results ot this experiment is given in table 7. U t 

tlte^T'a!, 7 conce " lrati °" equal Bmounts of 

% t:rT ' cavity of ,he • m ™ 1 

Va,i ™ di " iral ^ificattee. A toV^SoT^ 
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bile salts is in no way comparable to bile which one may encounter 
in tile pentoneal cavity under ordinary conditions. 

The fact that the dogs die with a sterile peritoneum is conclusive 
eudence that death is not due to peritonitis caused by the Welch 
bacillus and that the peritoneum is not invaded by bacteria of any kind 
as a result of the presence of bile salts per se. In view of Rewbridge’s 
conclusion that in these concentrations bile salts are not absorbed into 
the blood stream to lethal levels, an interesting question arises as to 
what is the mechanism of death. For the present, we state merely that 
death occurs without bacterial peritonitis. 


COMMENT 


In the experiments described we made many observations which do 
not confirm the reports of previous investigators. Andrews, Rewbridge 
and Hrdina stated that in all phases of this complex experimental 
problem death is due to toxemia caused by the Welch bacillus. They 
employed the terms “autolytic peritonitis” and “in vivo autolysis” to 
designate conditions in which the sterile preparations of liver and of 
bile salts cause death when introduced intraperitonealfy. At autopsy 
on their animals they found violent bacterial peritonitis, with the 
formation of gas in the peritoneal cavity as well as in the liver and 
other tissues. They concluded that the toxic substances injected, even 
though sterile, caused an autolytic process that resulted in an invasion 
of the peritoneal cavity by the Welch bacillus, which they stated is 
normally present in dog tissue. 

We have shown that the liver of the normal dog contains an 
anaerobic bacterial flora and that when pieces of the liver are introduced 
into the peritoneal cavity of the dog, death results in a few hours and 
is associated with bacterial peritonitis. When, however, fresh liver is 
finely ground and sterilized by autoclaving it may be placed in the 
peritoneal cavity without causing death, provided it is not contaminated. 
If, on the other hand, the fresh liver is allowed to incubate befoic 
being sterilized in the autoclave, bacterial decomposition produces a 
highly toxic substance, the intraperitoneal injection of which causes 
death in a few hours, with the animal manifesting a state of profoun 
shock. We have shown that death occurs without bacterial grout i in 
the peritoneal cavity. The same observation was made in the exper 
men ts on the intraperitoneal injection of bile salts. These differences 
have been demonstrated by a careful examination of the peritonea 


exudate and postmortem observations. 

The peritoneal exudate in all dogs in which there was no con am 
nation was negative for bacteria and frequently reniamK M 
or two hours after death. Figure 2 clearly shows the dtflerencc httneu, 
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l'ig. 2. — Photomicrographs of stained smears of samples of peritoneal exudate. 
.•! shows an example oi bacterial peritonitis and B, an example of sterile peritonitis. 
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this type of sterile peritonitis and the typical bacterial peritonitis which 
occurs when bacteria are introduced into the peritoneal cavity. The 
difference becomes even more evident at autopsy. In the dog dyiiw 
with a sterile peritoneum there was present a large quantity of thin 
blood-tinged fluid. The serous surfaces were fiery red. The liver and 
spleen were grossly normal and contained no gas, nor was gas present 
in the peritoneal cavity. There was marked hemorrhagic enteritis 
throughout the entire intestinal tract. In dogs in which death was 
associated with bacterial peritonitis, the picture at autopsy was similar 
except that the fluid present was turbid and foul and gas was present 
in varying amounts. The organisms found in the smears and cultures 
of the samples of exudate from these dogs were of many kinds, the 
anaerobic group of which at no time included Cl. Welchii. The 
anaerobic organisms present were invariably large, gram-positive, gas- 
forming saprophytes which exist in the normal tissues of the adult dog. 
In our experiments, these organisms have not produced a demonstrable 
exotoxin in vitro as compared with Cl. Welchii and' other pathogenic 
anaerobes. As previously reported, by using accepted baeterioiogic 
methods of cultivation and tests for the presence of bacterial exotoxins, 
we have been able in all cases to demonstrate these exotoxins in the 
filtrates of organisms known to produce them. We wish to point out 
that the intravenous injection of from 10 to 20 cc. of protein filtrates 
into small animals is not an accurate test for the presence of an 
exotoxin. 

We do not deity that under certain conditions these nonpathogenic 
organisms cause death when they gain access to the peritoneal cav it\ . 
We have found, however, that when the broth portion of a growing 
culture of these saprophytes is injected intraperitoneally, e\en in 
amounts of 35 cc., no noticeable harmful effect results, but if the meat 
from the bottom of the tubes is injected together with the organisms, 
the dog dies promptly of bacterial peritonitis. Cl. Welchii gives a 
different result. In this instance 35 cc. of the clear broth culture is 
sufficient to cause death as a result of general toxemia, even thougi 
peritonitis is not found at autopsy. This indicates that in the presence 
of some unabsorbable material which can serve as a culture medium, 
even nonpathogenic organisms cause fatal peritonitis, but v ien 1 
organisms can be rapidly absorbed from the peritoneum, no harm result 
unless the organisms are highly virulent. 

There is much confusion in the literature concerning t ie F 
classification of gram-positive, gas-forming anaerobes, jere 
be a tendency to use the terms “Welch bacillus and gg >1**^ 
promiscuously. The gas-forming organism described b} q{ 

ever, is definitely pathogenic and is characterized by t 
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an exotoxin We have observed an instance of so-called endogenous 
infection caused by a “gas bacillus” complicating embolic gangrene of 
the arm In this case the tissue of the upper part of the arm and of 
the axilla, the neck and the wall of the chest were distended with gas, 
but the patient showed no evidence of toxemia and responded promptly 
to amputation of the arm with drainage of the crepitant tissue. We 
believe that such cases cannot be classified accurately as infections 
caused by Cl. Welchii, but are more probably due to nontoxic gas- 
forming saprophytes growing in devitalized tissue. During the W orld 
War, Weinberg and Seguin 8 made the distinction between gas gangrene 
with toxemia, jaundice and hemolysis and putrefactive gangrene uith 
little or no systemic effect. The toxic “gas gangrene” was caused by 
three known anaerobic organisms, each of which produced a demonstra- 
ble exotoxin. The three organisms were Cl. Welchii, Clostridium 
oedematis and Clostridium oedematis-maligni. The putrefactive gan- 
grene was caused by a host of unclassified saprophytes which thrive in 
dead or devitalized tissue, and it was early found that debridement and 
drainage were sufficient to stop their growth. Infections by the three 
aforementioned pathogenic members of the genus are usually fatal unless 
proper specific treatment is available. 

In dogs, the putrefactive type of gangrene can be produced by the 
intramuscular injection of highly toxic liver preparations which devital- 
ize tissue and serve as a culture medium for the saprophytes commonly 
present there. Even when growing in the skeletal muscle tissue of the 
dog they do not usually cause death, recovery occurring when the 
infection is drained, either spontaneously or by surgical intervention. 
The death which results when these organisms gain access to the 
peritoneum has already been discussed. 

We are not in sympathy with the thought that intraperitoneal injec- 
tion of sterile, though toxic, material causes an idiopathic bacterial 
invasion of the peritoneal cavity during life. When, by suitable technic, 
the material was kept sterile, the peritoneum remained sterile even 
though the material was sufficiently toxic to cause death. 

We do not wish to state that the dog’s peritoneal cavity is always 
sterile under normal conditions. Recently the work of Roberts, Johnson 
and Bruckner - has been brought to our attention. These authors 
reported that in the bacteriologic study of the peritoneal fluid obtained 
turmg two hundred and nine laparotomies in human subjects 80 per 
cent ot the s pecimens contained different kinds of bacteria. They pointed 
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, reactions as In cases of active inflammation 
and concluded that the term “the aseptic peritoneal cavity” is a mis- 
nomei. Vie make no effort to compare these observations with the 
results we arc reporting, except to state that we have obtained sterile 
cultures from samples of peritoneal exudate of dogs when, and only 

when, a technic was devised to avoid contamination from the abdominal 
wall. 


Our cultural methods, as previous!}' reported, conform to the 
accepted methods of study of anaerobic bacteria. We have consistently 
pioduced the growth of man}' kinds of bacteria when the organisms 
gained access to the medium. We see no reason to question our results 
on this basis. A plausible explanation for the conflict in our results 
as compared to those reported by Andrews seems obvious. We have 
found that routine aseptic surgical technic is inadequate for bacterio- 
logic studies in the dog. 


CONCLUSION'S AND SUMMARY 

1. The tissues of living dogs contain an anaerobic flora which is com- 
posed of several strains of unclassified, putrefactive, gas-forming 
saprophytes. We did not find Cl. Welchii. 

2. One hundred grams of fresh, finely ground dog liver sterilized 
by autoclaving when injected intraperitoneally, does not cause death 
unless contamination occurs during or after injection. 

3. When fresh liver containing its normal flora is placed in the 
peritoneal cavity, or when sterile suspensions of liver injected intra- 
peritoneally become contaminated, death occurs and is associated with 
bacterial peritonitis. 

4. One hundred grams of finely ground liver incubated foi twenty- 
four, forty-eight or seventy-two hours and sterilized by autoclaving 
when injected intraperitoneally in an uncontaminated state causes death 
promptly in the dog. Death is not caused by bacterial growth m the 
peritoneal cavity. 

5. The intraperitoneal injection of 5 cc. per kilogram of body weight 
of a 10 per cent sterile solution of the two bile salts is fatal in a feu 
hours. Death is not caused by a bacterial growth in the peritoneal 

cavity. 

6. Neither the sterile liver nor the bile salts per se cause an imasio 
of the peritoneal cavity by Cl. Welchii or by any other bacteria.. 

7. The various incubated preparations of liver and the sfen c » c 
salts cause an intense irritation of the peritoneal sur aces, \u 
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extravasation of blood and fluids, and we believe the death of the dog 
to be associated with shock. 

8. We have reported a ’method which has proved satisfactory in 
our hands for removing uncontaminated samples of peritoneal exudate 
from the dog’s peritoneal cavity. 

This work has been done under the supervision of Dr. W. D. Gateh. Assistance 
has been given us by Dr. Thurman B. Rice of the department of bacteriology and 
pathology and by Mr. Fred A. Miller and Mr. Galen Boring of the biologic 
department of the Eli Lilly Research Laboratories. 




development and treatment of peptic ulcer 

AN" EXPERIMENTAL STUDY 

FRED R. HARPER, M.D. 

Fellow in Surgery, the Mayo Foundation 

ROCHESTER, MINN. 

Numcious methods have been devised for the experimental produc- 
tion of peptic ulcer in animals. In these experiments, spontaneous 
experimental peptic ulcer was produced in an intestinal fistula that 
extended from a gastric pouch to the abdominal wall. This method per- 
mits the investigation of phases of the problem which have not hereto- 
fore been touched on. As the ulcers were completely removed from the 
main gastro-intestinal tract, man}'' confusing factors could be eliminated. 
Furthermore, the ulcers were easily accessible, so that various types of 
treatment could be applied directly to their surface. 

In a preliminary report 1 1 outlined the factors that were responsible 
for the development of such an ulcer, the changes in the secretion in the 
pouch and a method of preventing or healing the ulcer. In this paper 
a more complete report will be made concerning the development of the 
ulcers, concerning mucosal susceptibility to the formation of the ulcers 
and concerning methods of treatment. 


METHOD 

Dogs were used in all of the experiments and were prepared according to the 
technic of Goldberg and Mann. 2 The operation was performed in two stages. 
The first stage consisted in resecting a loop of intestine from 10 to IS cm. long. 
Intestinal continuity was reestablished by an end-to-end anastomosis. The dista 
end of the resected loop was then sutured to an opening in the stomach, and the 
proximal end was brought out through a stab wound in the abdominal wall. > 
arranging the transposed loop in this way, the peristaltic waves traveled towarc 
the stomach, thus preventing leakage of the secretion from the pouch. The sccoii 
stage was performed from three weeks to six months later, and consistc in 
dividing the stomach so that the portion of it that was drained bj the intesti i 
fistula formed a gastric pouch (fig. 1). 


Abridgment of a thesis submitted to the Faculty of the Graduate School of the 
University of Minnesota in partial fulfilment of the requirements for tlie ocg 
of Master of Science in Surgery. The work was done in the Diwsion o 
mental Medicine. . 

1. Harper, F. R.: Development of Experimental Pe P‘ ic ^ kcr : , gp 

Acidity and Treatment, Proc. Staff Meet, Mayo Clin. 7:318 (June ) - 

2. Goldberg, S. L„ and Mann, F. C, Preparing Pouches of the Fundus 
the Stomach, Ann. Surg. 94:953 (Nov.) 1933. 
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In order to determine the importance of gastric secretion in the development 
of spontaneous ulcer and the resistance of the various levels of the intestinal 
mucosa to the formation of ulcer, various preparations were made, using different 
parts of the stomach in combination with different levels of the intestine. Thus, 
pouches made from the cardiac, the pyloric or the fundic portion of the stomach 
were drained by fistulas from the ileum. Since the fundic portion of the stomach 
secretes the most acid, fistulas made from the jejunum and the duodenum were 
also used in draining the fundic pouches. 

Three additional types of preparation were -'made that require special mention. 
Each of two dogs was prepared with a double fistula made from the ileum. This 
was arranged so that peristalsis in one of the fistulas would travel toward the 
stomach, whereas, in the other it would be directed away from the stomach. 
The pouch was made from the fundus of the stomach and included both of these 



big. 1. 


-Formation of an isolated gastric pouch, second operation. 


fistulas. In one dog a Pezzer catheter- 

nimhc pouch, so that the mushroom-like "end ,nSerte< Mhrough the fistula into the 
This catheter was kept in place cont!n UO uslv ITT ^ ™ 1Is the pouch, 
the secretion which left the pouch was carried " T TT St3ge S0 that a11 of 
come m contact with the mucosa of the fistula Th and did not 

balloon attached to the catheter. Another T- was colI <*ted in a 

,r0m ,hc *"*» of the stomach and attult 1™?™ ^ a P0uch ™de 
»erve supply to the fistula was destroyed bvJ ' ]CJXinum - In this dog the 
In the case of eadi animal the weight ,,^ Pim,g mesent eric vessels. 

-nda or other changes were noted at reL^;'?°T “ d from the 

be important in determining the time wSn J , c 56 *** Were fo ™d 
«> secretion from the p„„ch ... ,h ' " ker to develop. Studies 

developed. The secretion »,7e",2 S ."*< » fourth day » 

tuentv hours before a series of oh- -' n 3 routlne manner. The dog fasted - 

<ahen the dog was fed 'Si r T™ 0 " 5 "as started. After a/n ° F 

led 100 Gm. ot diced raw meat T,, speamen was 

meat. The contents of the pouch 
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\verc then withdrawn at two hour intervals by means of a soft rubber catheter 
inserted into the pouch through the fistula. The dog was replaced in its cage 
between observations. These two hour specimens were taken over periods of eight 
twelve or twenty-four hours. The amount and character of each specimen were 

sctlhn nh T ‘'I 0 ^ l'* a " d the C ° mbined acidit - v in t«™s of tenth-normal 
sodium hydroxide per hundred cubic centimeters, and the number of milligrams of 

total chlorine per hundred cubic centimeters of gastric secretion were determined. 

three substances were tried in treating the ulcers. Sodium bicarbonate was 
given by mouth and also injected into the pouch. Gastric mucin was introduced 
into the pouch in an attempt to heal the ulcer or to prevent its formation. Finally, 
an emulsion was prepared, using gelatin, acacia, olive oil and lecithin. Twenty 
cubic centimeters of this emulsion was introduced into the pouch twice daily during 
the time the ulcer was being treated. 

Necropsy was performed on each animal, and gross and microscopic studies 
were made of all specimens. A sufficient number of animals was used to permit 
definite conclusions to be drawn. 


RESULTS 


A study of the results brought out several points in regard to the 
factors responsible for the development of this type of experimentally 
produced ulcer. In the first place, in no instance did an ulcer develop 
after the first stage of the operation, even though the animal was kept 
for a long time and catheters were repeatedly passed through the fistula. 
It was thus possible to rule out certain factors such as trauma, a faulty 
supply of blood and so forth. 

When the fundus of the stomach was used in making the pouch, 
free acid was found in the secretion of the pouch and an ulcer formed 
in the fistula in each of the animals' However, if the cardiac or the 
pyloric portion of the stomach was used in making the pouch, free acid 
was not present in the secretion of the pouch and an ulcer did not form 
in the fistula. Furthermore, when the fistula was protected by constant!) 
draining the secretion from the pouch through a Pezzer catheter, an 
ulcer did not form. These observations illustrate the significance of the 
chemical or acid factor in the development of ulcers. 

As has been mentioned, each of two dogs was prepared with tvo 
fistulas draining a fun die pouch. In these dogs an ulcer did not deve op 
in either fistula. In one of them, after more than ample time had been 
allowed for an ulcer to develop, one of the fistulous loops was remora 
and the abdomen was explored to make sure no ulcer existed m t ie 
other loop. Two weeks after the fistulous loop was removed, a 
perforating ulcer was found at necropsy in the remaining loop o t it 
intestine. It may be that mechanical factors contribute to tie eie I 
ment of. such ulcers and that a second draining fistula elnnina e 


The series in which a loop of the intestine was used 
with the fundic portion of the stomach illustrated the vane 
bili tv of the mucosa of different regions ot the intestine t 
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of ulcer. When a portion of the ileum was used, the average length 
of time before perforation occurred was twenty-three days : when the 
jejunum was used, the average time was seventy-one days, and when 
the duodenum was used, ulcers formed but did not perforate. It was 
thus fairly well established that the vulnerability of the mucosa to the 
formation of ulcer becomes greater as the distance from the stomach 
is increased. 



f , Uker m 3 fistula made from the i,eum - Note th e lack of resistance 

o the ileal mucosa to the formation of ulcer and that the ulcer does not begin at 
the line of suture. s 



FiS ' 3 " Chr °‘" C ‘ „« dnodcnum . 
r T‘l 


to tlie preparations 3 ' TheTTof fhf ^ mentioned m regarc 

on the rate of development of the u'cerTn aPParently had no eflEec 
the intestinal loop !hat was tTd h^akh "hTT r ** 
the formation of the ulcer. In each case the 1 influenc < 

hMula, about 1 cm. from the line of s m, It C6r W3S situated in the 
l>ouch. The ulcers which occurred in tlTfiT J ° med ^ fistula to th( 
Jjore ot the acute perforating tvpe (fi„ on f made * r0m the iIeuir 

aS madc from the jejunum or from thT?* T m thf 

trom the duodenum resemblec 
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chronic duodenal ulcers in man, as to both gross and microscopic appear- 
«ucc. (fig. 3). Although the ulcers were entirely separate from the 
mam part of the gastro-intestinal tract and did not come in contact with 
lood. they had a very definite effect on the animals, the most striking 
effect being the rapid loss in weight, which amounted to from 1 to 6 Kg. 
On the other hand, the dogs actually gained weight on the same regimen 
when ulcers were prevented from forming. In addition to the loss 
of weight, definite symptoms developed as the ulcer became advanced, 
chief among which were loss of appetite and vomiting after eating. In 
the later stages the chlorides in the blood were reduced to from 280 to 
300 mg. per hundred cubic centimeters. When a dog with a well devel- 
oped ulcer was given 200 cc. of 10 per cent dextrose in 1 per cent saline 



Fig. 4. — The effect of sodium bicarbonate on the acidity of the secretion from 
the pouch. The broken line represents the values for total acidity two days be ore 
sodium bicarbonate was given; the solid line, the values obtained after the a nun 
istration of 1 Gm. of sodium bicarbonate per kilogram with a test mea . 


solution or 200 cc. of whole blood, the condition improved temporarily. 
In several instances the dog regained from 0.5 to 1 Kg- m weight. 

The situation of the ulcers and the ease with which they could be. 
approached made them particularly adaptable to the application o i an 
ous types of treatment. Sodium bicarbonate was introduced into t tc 
pouch by means of a syringe and also given by mouth with the test .mea . 
In either case it had the effect of depressing the acidity for rom n 
to four hours, after which time the acidity returned to its ormer o 
and remained elevated for from foul teen to sixteen i 
Mucin introduced into the pouch in doses of S Cm. twice «> 
luted the secretion of odd and did not prevent the format™ of 
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ulcer. However, these experiments were made before the investigations 
of Rivers, Vanzant and Essex a had been carried out, so it is possible 
that an impure product was used. The ulcer that formed in the presence 
of mucin was of a type different from the others ; it was much larger, 
but it did not have the same tendency to perforate, and bleeding did 
not occur. 

A method of treatment which was suggested by Mann and Bollman ' 
was successful in preventing the formation of ulcers and also in healing 
them. The preparation used consisted of: gelatin, 100 Gm. ; acacia, 
150 Gm. ; water, 500 cc., and olive oil, 300 cc. The gelatin, acacia and 
water were heated together over a water bath until dissolved. The 
lecithin was dissolved in some of the olive oil over an open flame, and 



Fig. 5. Healing of an ulcer subsequent to three weeks’ treatment with the 
emulsion. Note the small bud of granulation tissue in the center. 


the oil was then mixed into the gelatin, acacia and water so that a thick 
emulsion resulted. Itt treating an ulcer, the mixture was heated until it 
would flow, and from 20 to 30 cc. was inserted into the pouch twice 
< aily by means of a syringe. The emulsion was markedly tenacious 

and did not stimulate the secretion of acid. It left the stomach intact 
m about six hours. 

Five dogs were treated with this emulsion. In one of the dogs the 
treatment w as started immediately following the second stage of the 
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operation, and an nicer did not devolnn t,-, +1 .1 

--HI there was definite evidence 

whW MIC '. aS h ' ml, "S- loss of weight and so forth. In the dogs in 
w Inch an nicer had already formed, healing of the nicer was effected 
n abont three weeks by continuous treatment, and healing- was accom- 
V ^ by , a " ap i parent decrease the acidity of the secretion from the 
.Sal 51 ”* 3 S ° >} a " mCrCaSe in thC appetite and in the weight of the 

Pathologic changes in this healing process were the same as in the 
hcnlmg process described by Mann.* In early stages the defect was 



Fig. 6. — Section of a healed ulcer which had been treated with the emulsion. 
Note the atypical mucosa and the defect in the muscularis, the two most important 
histologic characteristics of a healed ulcer. 

filled in with a bud of granulation tissue, and a single layer of mucosal 
cells grew over this bud. As the healing process continued, the bud 
of granulation tissue was pinched off and the area became covered with 
newly formed mucosa which finally developed into typical intestinal 
villi. The layers of muscle which were destroyed did not regenerate, 
but the defect was filled in by fibrous scar tissue which remained as 
evidence of the previously existing ulcer (figs. 5 and 6). 

5. Mann, F. C. : Production and Healing of Peptic Ulcers : An Experimental 
Study, Minnesota Med. 8:638 (Oct.) 1925. 
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COMMENT 

\ method has been described by which a type of chronic peptic ulcer 
can* be produced experimentally with great uniformity. The method 
consists in making a pouch of fundic mucosa and draining it with a loop 
of intestine. The ulcer develops in the intestinal loop just distal to the 
stoma of the pouch. These ulcers differed from peptic ulcers found in 
man in that they were entirely separate from the main gastro-intestinal 
tract; their isolation from the main gastro-intestinal tract made them 
readily accessible, facilitated the study of their development and showed 
the effect of different methods of treatment. 

A number of factors have been considered by various workers as 
significant in the etiology of peptic ulcer. Many of these factors can 
be eliminated in regard to this type of ulcer. In the first place, a faulty 
supply of blood did not play a part, as shown by the fact that an ulcer 
never developed after the first stage when the intestinal loop was isolated 
and anastomosed to the stomach, although by this operation the supply 
of blood to the fistula was impaired. During the second operation, in 
which the pouch was made, the supply of blood to the fistula was not 
affected in any way. In the second place, operative and external 
traumas were not factors of importance in producing these ulcers, 
because an ulcer did not develop even when a catheter was passed 
repeatedly following the making of the fistula. It is not likely that 
infection was a factor in the development of these ulcers, although, the 
part played by infection is difficult to evaluate. That fault}- suture 
material was not of etiologic significance is indicated by the fact that 
the ulcers started not at the line of suture but about 1 cm. from it. 

Mann and Williamson 6 and also Morton, 7 McCann, s Ivy and 
Faulev 0 and, more recently, Matthews and Dragstedt 10 have referred 
to three factors as significant in the development of peptic ulcer: the 
chemical factor, the mechanical factor and the susceptibility of the 
mucosa; all of these seemed to be of significance in the production of 
the experimental ulcers described. In these experiments the chemical 


p 6 ‘ ^? nn ' C " and Williamson, C. S.: The Experimental Production of 
Icptic Dicer, Ann. Surg. 77:409 (April) 1923. 

192S 7 ’ M ° rt0n ' C ‘ B ‘ : ° bsCrvati0ns on Pe ? tic Ulcer, Ann. Surg. 87:401 (March) 

1929 8 ' MCCa " n ’ J ' C: Experimental Peptic Ulcer - Arch - Surg. 19:600. (Oct.) 
n and faulev, G. B.: Factors Concerned in Determining the 

S3” iwi m thc stomach and Upper Intest! - a- j. ST3.S 

10. Matthews. W. B„ and Dragstedt L P ■ i 

Duodenal Ulcer. Surg.. Gynec. & Obst. (Sept ) ^ 

and Vaughn \ \t • r- , ■ m o ; t-sept.) Dragstedt, L. R 

B "• V M ‘ Ga?,nc Lker Stud.es. Arch. Surg. 8:791 (May) 1924. 
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i actor was demonstrated clearly. Other conditions being constant a 
nlun would not develop m the absence of free acid. Thus, if the cardiac 
oj the pyloric portion of the stomach was used in making the pouch no 
free acid .was secreted and no ulcer developed. Likewise, if ’the 
intestinal mucosa was protected from the acid secretion by the use of a 
j ezzei catheter, an ulcer did not develop. 

i he mechanical factors which contribute to the formation of ulcers 
aie difficult to evaluate. However, it seemed significant that in these 
animals the experimental ulcer developed uniformly at a point at which 
the secretion, emerging from the pouch into the fistula, met the obstruc- 
tion in the fistula which prevented free drainage and thus caused a 
welling up of secretion in the first part of the fistula. It is also signifi- 
cant that in pouches drained by two fistulas an ulcer did not develop 
until one of the fistulous loops was removed. It may be that mechanical 
forces are important when gastric secretion is kept constantly in contact 
with exposed mucosa. 

The third factor, mucosal susceptibility, which has also been empha- 
sized by Matthews and Dragstedt, 10 was clearly brought out by the 
greater rapidity with which the ulcers formed when lower levels of the 
intestinal tract were used in making the fistulas. This illustrates a point 
that should be of significance in the etiology of gastrojejunal ulcers, 
namely, that the vulnerability of the mucosa to the development of ulcers 
increases as the distance from the pylorus becomes greater. 

Although the ulcer was not situated in the main part of the gastro- 
intestinal tract and did not come in contact with ingested food, a pro- 
gressive and marked loss of weight occurred in each dog in which ulcei 
developed. This loss of weight was associated with loss of appetite, 
vomiting, dehydration and reduction of chlorides in the blood. . A 
temporary gain in weight could be brought about by intravenous 3n l ec 
tions of saline solution or by transfusions. While carefully controlle 
experiments were not carried out to prove the point, it is possi e 1 1 < 
the loss of weight and other symptoms observed were due to a dis- 
turbance in the chemistry of the blood resulting from a loss o c 1 onces. 

The method used in treating the ulcers was based on the rypot lesis 
that substances which would coat the surface of the ulcer an pro ec 
it from the gastric secretion would promote healing under this coat mg. 

The preparation used was an emulsion of gelatin, acacia, olive oi an 
lecithin. The gelatin was used to hold the mixture together and ! make 
more tenacious. The acacia supplied the adherent or pwtec n q _ . 

The vegetable oil was used for three purposes: first, for i 1 P ; ^ 
effect on gastric secretion, as illustrated by the wor ' o • ‘ , 

others; second, because it leaves the stomach very slow!}, a 

11. Pavlov, I. P. : The Work of the Digestive Giands, ed. 2, London, 

& Company, 1910. 
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Gianturco, 12 and third, because it has a protective action. The leci 
was used to make the emulsion smoother and also tor its protective 
effect. The method described was successful in treating tins type o 
ulcer in five experiments. Ulcers developed in all of the untreated 
animals, whereas in the five dogs that were treated with the emulsion. 

ulcers did not develop. _ . 

The fact that healing and destruction occur simultaneously in peptic 

ulcers is known. The purpose of using the method described was to 
protect the surface of the ulceT from the gastric secretion for a sufficient 
time to permit the healing process to go on to completion. Although 
there were not enough experiments carried out to prove the actual value 
of the method, the experiments did suffice to bring out the fact that an 
ulcer will heal in about three weeks if its surface is afforded sufficient 
protection. Neither sodium bicarbonate nor the preparation of mucin 
used was effective in preventing or healing these ulcers. 

Pathologically, the specimens presented all of the characteristics 
typical of the various stages of the healing process as described by- 
Mann for experimental ulcers and by Caylor 13 for ulcers of man. 


SUMMARY 


A method has been described for producing an experimental peptic 
ulcer in a loop of intestine forming a fistula from an isolated gastric 
pouch to the abdominal wall. An ulcer formed in each of the dogs in 
which the fundus of the stomach was used in making the pouch. Several 
facts were brought out in these experiments. It was shown that a 
combination of three factors was responsible for the development of 
these ulcers: the chemical factor, the mechanical factor and the factor 
of mucosal susceptibility. The chemical action of the gastric secretion 
was found to be of prime importance. The increasing vulnerability of 
the intestinal mucosa to the formation of ulcer as the distance from 
the stomach increased was demonstrated. The mechanical factor 
probably played a part, for the ulcer developed at a point where the 
gastric secretion was held constantly in contact with the exposed 
intestinal m ucosa. It was found that an ulcer in an isolated gastric 


c, l 2 ' T G,a !l t . UrC t' Ccsare: Some Mechanical Factors of Gastric Phvsiologv 
, U - , Thc Empt - V Stomach and Its Various Ways of Filling. The Pressure 
verted by the Gastric Walls on the Gastric Content. The Phvsical Change* 

t0 thc Food f^ dw5n S Digestion, Am. T. Roentgenol. 31:735 (June) 
19,4 Some Mechanical Factors of Gastric Phvsiologv: Studv II The Pvloric 

aSSZnOl^ ° f VariOUS F °° dS °" the oi ** Stomach; ibid. 

iMnrd?iS;. H ‘ D ' : ThC HCaUnS 0t ‘ GaSt " C Uk6r in Man - Ann - 83:350 
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pouch has the same effect in causing loss of appetite, vomiting and loss 
of weight ns does an ulcer in the main gastro-intestinal tract. 

A preparation consisting of an emulsion of gelatin, acacia, olive oil 
and lecithin, introduced into the pouch twice daily, was effective in the 
healing of these experimental ulcers and prevented their formation. The 
pathologic changes that occurred in the healing of the ulcers were found 
to he similar to the changes which occur in peptic ulcers in man. The 
method of treatment was considered important because it brought out 
the fact that an ulcer will heal in about three weeks if its surface is 
adequately protected from the gastric secretion. The emulsion used in 
treating the ulcers has been considered only from the experimental point 
of view, and no conclusion can be drawn regarding its possible clinical 
application. 



lymphosarcoma 

a CLINICAL, PATHOLOGIC AND RADIOTHERAPEUTIC STUDY, 

WITH A REPORT OF THIRTY CASES 

MAX CUTLER. M.D. 

Consultant in Tumors, Veterans’ Administration Facility, and Director, 
Tumor Clinic, Michael Reese Hospital 
CHICAGO 

The purpose of this investigation was to correlate the clinical, roent- 
genologic and pathologic observations on a group of patients suffering 
from lymphosarcoma, with special emphasis on the differential diagnosis 
and the radiosensitivity of the associated mediastinal lesions. 

In order to be of value a study of this type should fulfil several con- 
ditions : The clinical observations must be controlled by pathologic data ; 
the ultimate fate of the patient must be known, and in case of death 
there must be a control by autopsy. All these conditions are fulfilled in 
this investigation. 

The material on which this analysis is based consists of 30 cases of 
microscopically proved lymphosarcoma. The end-result is known in 
every case, constituting 100 per cent follow-up, and an autopsy was 
performed on each of the 13 patients who died in the hospital. 

One of the most interesting and largely unexplained features of 
neoplastic diseases is the marked variations that are noted in the rate of 
progress and extension. This renders it highly important that we 
become familiar with the natural history of the different types of tumor 
and with their behavior under various therapeutic methods. Because of 
ibis circumstance, extensive clinical and pathologic material offers the 
opportunity to study extreme variations in the disease which more 
limited material usually fails to disclose. 


AGE INCIDENCE 

1 be patients in the \ eterans’ Administration Facility do not repre- 
sent a random sampling of the population, but constitute a rather selected 
group, discharge from military sendee being the primary criterion for 
admission. Because of this the age incidence is not necessarily a true 
picture at t he general incidence of the disease, but in spite of this cir- 


1-rom the Cancer Research Unit. Veterans’ Administration Facilitv, Hines 111 

PuWnhed with the permission of the Medical Director of the Veterans’ Admin- 

wl, ° nssumcs responsibility for the opinions expressed or the 
r<«cniMi»n< drawn. 
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cumstance the age of onset of symptoms is of some interest; figure 1 
indicates the age distribution in this series. The minimum age "at the 
onset of symptoms was 30 years and 4 months, the maximum age, 61 
years and 3 months, and the mean age, 43.2 years. 


PATHOLOGY 

Kundrat 1 was the first to give a clear description of lymphosarcoma 
as a giowth arising from a group of lymph nodes, or, more rarely, from 
a single node or from lymphoid tissues such as are encountered in the 
tonsils, the pharynx or the intestinal tract. The lesion, composed of a 
reticulum in which lymphoid cells abound, destroys the capsule of the 


JO 


NUMBER 

OF 

CASES 


5 



YE-ARS 30 35 A O AS SO 55 60 65 

Fig. l. — A chart showing the age at the onset of symptoms. 

node and invades the adjacent lymph nodes. The separation of lympho- 
sarcoma from the leukemias and pseudoleukemias was accomp is le ) 

Kundrat and Paltauf. .. 

Metastatic tumors in distant organs are often observed. 1 ie iseas 
tends, however, to grow through the lymph channels, with genera tze 
involvement of groups of lymph nodes. The disease is sometimes 
to one region, such as the mediastinal lymph nodes, the r etropen 
lymph nodes or the gastro-intestinal tract. 

According to Ewing,’ lymphosarconta is to be dtsbngu sM I from 
other forms of lymphoma by its local destructive capaci } 

2. Kundrat: Ueber Lympho-Sarkomatosis, Wien. khn. Wchnschr. 

1893. ...it- iv p. Saunders Com- 

2. Ewing, }.: Neoplastic Diseases, ed. 3, Philadelphia, 

pany, 1928, p. 1093. 
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formation of true metastases in different organs arising in a chain of 
lymph nodes. The tumors rapidly become bulky, infiltrate the surround- 
ing tissue and tend to cause ulceration and necrosis of the skin and of 
the mucous membranes. 

Histologically, lymphosarcoma is generally divided into two groups : 
(1) reticulum cell sarcoma or large round cell lymphosaicoma arising 
from the reticulum, and (2) malignant lymphocytoma arising from the 
lymphocytes. Ewing was of the opinion that in the great majority of 
cases the two varieties retain their separate identity and arise under 
different clinical conditions. 

OBSERVATIONS AT AUTOPSY 

Table 1 indicates the pathologic observations on 13 patients with 
lymphosarcoma who were examined at autopsy, showing various tissues 
and organs which were involved. 

Table 1 . — Involvement of Tissues and Organs Observed at Autopsy 


No. ol 
Cases 


Skin and subcutaneous tissues 4 

Cervical lymph nodes 7 

Axillary lymph nodes fi 

Inguinal lymph nodes 5 

Peribronchial lymph nodes 8 

Retroperitoneal lymph nodes S 

Mesenteric lymph nodes 3 

hunks 1 

Pleura 7 

Pericardium 4 

Heart 2 


No. of 
Cases 


Liver 9 

Spleen - 

Pancreas 9 

Kidney C 

Thymus 

Stomach 1 

Diaphragm 1 

Peritoneum 3 

Wall of the chest 1 

Pharynx 1 

Accessory nasal sinuses 1 


CLINICAL VARIETIES 

A study of this group of cases indicates that the following division 
into various clinical groups can be established : 

1. Lymphosarcoma with generalized adenopathy and no special local- 
ization A 

2. Lymphosarcoma associated with localization in the tonsil, the 
pharynx or the base of the tongue. 

o. Lymphosarcoma associated with pronounced involvement of the 
retroperitoneal lymph nodes. 

4. Lymphosarcoma, with localization in the rectum. 

?. Lymphadenoma. 

6. Lymphosarcoma probably arising in the thymus and other thvmic 
tumors ot uncertain histogenesis. 


3. Nine cases oi a total of 30 fall into this rat^nw r 

AwrvnPnn, included in table 1 there are no points of social' LLeTfn teacup. 
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LYMPHOSARCOMA WITH LOCALIZATION IN THE TONSIL, THE 
PHARYNX OR THE BASE OF THE TONGUE 

111 the cases of 100 patients with nasopharyngeal tumors treated at 
the Memorial Hospital, New York, Ewing 4 reported the following 
pathologic diagnoses : transitional cell carcinoma, 47 cases ; squamous cell 
carcinoma. 30; lymphosarcoma, 15; lympho-epithelioma, 11; adenoid- 
cvstic epithelioma. 4, and malignant adenoma, 3. Thus, lymphosarcomas 
constituted 15 per cent of the group of nasopharyngeal tumors. The 
relative frequency of lymphosarcoma associated with lesions of the ton- 
sils, the pharynx and the cervical lymphatic glands has suggested to 1 
that an infectious agent is the etiologic factor (Chiari). 

Case 1. A. W. was a man aged 70, in whom the first sign of disease was enlarge- 

ment of the right submaxillary lymphatic glands. The lesions were removed and 
were proved histological I v to he reticulum cel! lymphosarcoma. One year later there 
developed an abdominal tumor, and at an exploratory operation a large retro- 
peritoneal mass attached to the right kidney was discovered and removed with the 
kidney. The histologic structure was sim.lar to that found m he sub - 
Emphatic glands. Six months later, or eighteen months after th * fir f * ° bas 
disease, an ulcerative lesion 2 by 2 cm. was noted on the 
of .1.0 longue. A Inopsy on thj. 

similar to that discovered in the submaxillary glands and tne disap _ 

Radium treatment over the mass in the tongue res { , Hisease. 

pcarance. At the time of writing there is no further clinical evidence 

Lymphosarcoma associated with lesions of the tonsil may be umkteral 
or bilateral. It frequently grows to large dunens™ cen ,; cal lympha tic 
bulky tumor which does not ulcerate until la • di ^a Se . In 

glands are almost always involved in the eary g lymphatic 

rare cases the disease is localized to the tonsil and the re^al ly ^ ^ 

glands, and adequate irradiation results m ^olonged periods, 

lesion, the patient sometimes remaining w others have 

Minot and Isaacs ’ reported 1 patient well f ^ the tons il 

reported long survivals. In most ins ane £ g , ands constitutes 

or nasopharynx and the associate can ( comatosis , as exemplified 

only a local expression of generalized y ^ histolog ically lyniph°- 
in the 5 cases to be reported. Chmca y confused with 

^h^epL^oma n ld transitional cell ^JXy 

HSw, J.: Radiosensitivity, Radio.® ^ aS«s Cm*** 

5- Mi"*. G. LdnctTn of Ear.y **"«• 

Incidence Durst, on of . J I7) ; ,2<S (Apr, I 24) 

tion and Surgery, J. A. M. rv. 
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r ASE 2 . A. K., a man aged 40. had generalized adenopathy winch was 

first noted in the left cervical region in January 1932. Dyspnea and loss ot weig it 
developed four months later. A biopsy on a node showed lymphosarcoma. 
Physical examination revealed generalized enlargement ot the lymph nodes_ and 
roentgenologic examination showed a widening ot the mediastinal shadow. There 
was marked edema of the lower extremities. There were numerous cutaneous 
and subcutaneous, firm, movable nodules in the scalp. In the lett tonsillar lossa 
was a mass pushing the anterior tonsillar pillar forward and extending downward 
toward the epiglottis. The lesion failed to respond to irradiation. The patient s 
general condition grew rapidly worse, and he died soon after admission. At 
autopsy it was found that the entire lymphatic system was involved. All the 
lymph nodes were invaded, and there were metastases in the spleen, the liver and 
the kidneys. 



Fig. 2 (case 4 ). — A shows large masses in the supraclavicular and cervical 
areas before treatment. There was also a nasopharyngeal growth. B shows the 
same areas after treatment. The disease recurred promptly, and the patient died 
two mouths later. 


Case o.— F. K„ a man aged 43, was admitted to the hospital on Mav 13 193’ 
with a history that three months previously he first noted soreness of 'the throa’t 
and difficulty m swallowing, followed by the appearance of a mass in the left 
cervical region. Examination revealed a mass in the posterior nasopharynx, with 
metastasis to the nght cervical lymph nodes. Microscopic examination of a 
!uo[.<y specimen revealed reticulum cell lymphosarcoma. External irradiation 
resulted m a moderate regression of the primary and metastatic lesions. In Tulv 
rCa 'l nliu «' *o the hospital with recurrence and extension 
••bomb- ' ,"’i, C Car ' 7“ tmS m dCafneSS - ExternaI irradiat ion with the radium 
,7"' ad ‘V 3 , " 1 r 0VCn, . ent of the lesion and in disappearance 
. ' l aM< 1 ^a»nc». The patient was readmitted in October 1932. with 
, 1 ‘ Ct, ;' Uy the ' lrm ’ ar >' lesion, paralysis on the right side of the face 

' VC3knCS? a "' 5 ,iyJ ’ Vaca ' Thc died eleven days later of terminal 
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bronchopneumonia. Autopsy revealed that the nasopharyngeal lesion had extended 
to all the accessory sinuses. No visceral metastases were found. Microscopically 
the lesion was a reticulum cell lymphosarcoma. 

Cask -I. — J. Y., a man aged 61, first noticed a small gland in the right sub- 
maxillary region in November 1932, followed by rapid enlargement of the cervical 
glands on both sides. About the same time the patient became aware of a growth 
in the left nostril which interfered with his breathing. Examination revealed a 
large mass in the posterior nasopharynx and extensive bilateral submaxillary, cervi- 
cal. supraclavicular, axillary and inguinal adenopathy (figs. 2 and 3). A biopsy 
specimen from the nasopharyngeal mass showed reticulum cell lymphosarcoma 

(fig- *0- 

Roentgen therapy resulted in rapid regression and the disappearance ot the 
nasopharyngeal growth and the cervical adenopathy. The patient was able to 
breathe easily, bis general condition improved markedly, and he gained 10 pounds 
(4.5 Kg.). One month later the right axillary and right infraclavicular masses 
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before treatment ; B shows the same areas after treatn.en . 

• • a -nkmred w ith moderate regres- 

recurred, and a second cycle of radiation was a disseminated, and 

sion. One month later the disease recurred and became ^ 

the patient died at home. Autopsy was n0 ‘ P er J ' the hospital April 6, 

Case S.-L. F„ a man aged 32, was fir* ad-tted ^ ^ ^ I10SC , 
1932. Two and one-half years previous j » te obstruction to breathing 

which recurred three months later iere "’ a ^ tQ be fi!!ed with a bulky, soft 

but no pain. Examination revealed the n„ of t ], c lateral wall, 

tumor. There was swelling of the nght nares J nasopharynx and involved 
The growth extended through the soft palate, fi d denopatby . Examination 

the right antrum (fig- 5). There was extens.ve cer ica! ad irradiatI „„ 

of the biopsy specimen revealed lymphosarcou ^ nl0nt hs later the 
resulted in a marked reduction m the size t ^ thc righ t antrum and 

patient was readmitted to the hospital with a sw * irradia tion resulted m 

r _ „f - —rr— ^ 

marked regression. The patient 
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of the right eyeball, recurrence in the nasopharynx and cervical adenopathy on 
the right side. At the time of writing the patient is totally blind. 

Case 6. — J. B., a man aged 3S, had a swelling on the left side of the neck 
which first appeared in January 1931. There was a rapid increase in the size of 
the mass, accompanied by severe pain. Examination in May 1931 revealed enlarge- 
ment and ulceration of the left tonsil. The tonsil was removed, and a microscopic 
diagnosis cf chronic inflammation was made. In October 1931, enlargement of the 



cervical nodes on the left side was noted \r 

specimen showed lymphosarcoma. External i^d'T examination ° f a biopsy 
January 19o3 there was further evidence of recurre' admm,stered - In 

the patient died in February. recurrence in the cervical nodes, and 

disease in which the laiTi the' tonme §Cneralized b'mphosarcomatous 

-««- * «l’von,r aJe” if “' e f0d ' The 

. • ( - a - e - is an example of wide- 
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s l ,rcn< l Lvinphosarcomatosis in which fh« * nne ;i 

foci. Case 4 is another cxamnle nf " ■ i W3S f 0ne of the nuraero » s 
nasopharyngeal «rowtli was nrr • ^ IC es P reacI disease in which a 
<o irradiation (£ , 3" <M T„ ““ ^ ^ 
- • M ultimate £££ disease 

if^thcrl c ZT/ T*™* “ 

•„ ,Les t!lc d,sease was more localized. Cases 3 and 5 

STriti^ 0, r" ,e d ’' SeaSe UPWard ‘°' rard «“ -eTsory 
-nu .es. with involvement of the cranial nerves. In case 3 the disease 

fm ‘ l ' ( j xte,ldcd t0 the brain, causing paralysis of the facial nerve. In 
ease 0 the disease extended upward, invaded the accessory nasal sinuses 

, . ’! late!y caused tota! blindness. In spite of the wide local extent 
o t ic disease neither patient showed evidence of visceral metastases. 
Jn case 3 t!ie absence of metastasis was proved at autopsy. The upward 



Fig. 5 (case 5). — A photograph showing perforation of the palate by a lymph 0 - 
sarcoma of the nasopharynx. The disease extended upward, causing total blindness. 

extension of the disease is characteristic of lympho-epithelioma of the 
nasopharynx and accessory nasal sinuses. In these cases, evidence of 
involvement of the cranial nerves was also discovered with considerable 
frequency. 

LYMPHOSARCOMA LIMITED TO THE RETROPERITONEAL 
LYMPH NODES 

In some examples the lymphosarcomatous process is limited to the 
retroperitoneal lymph nodes. In these cases the presence of a retroperi- 
toneal mass gives rise to a characteristic clinical entity. In other exam- 
ples the retroperitoneal mass, while dominating the clinical picture, is 
associated with the disease in the other lymph nodes. Pressure on and 
involvement of the gastro-intestinal tract are not uncommon. In these 
cases the symptoms are essentially gastro-intestinal. The retroperitone.i 
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Fig. 6 (case 5). — A photomicrograph ot a reticulum cell lymphosarcoma which 
began in the right nasopharynx and extended upward to the accessory nasal 
sinuses. 


second group of 71 deceased patients without such initial symptoms had 
abdominal symptoms early in the course of their illness. Late in the 
disease abdominal symptoms occurred with great frequency. The pain, 
which was often intense, occurred in the abdomen and back or in the legs. 

A resume of the observations at autopsy (table 1) indicates that the 
retroperitoneal lymph nodes were involved in 8 of 13 cases. In this 
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senes there was only 1 example in which the disease was localized in 
the retroperitoneal lymph nodes. vocalized in 

A Soofl 1929 »T I ‘° hav ' 

r t ?' "t, », 

. <J . JCars )e{orc ,e uas admitted to the hospital on Aug. 10, 1931 On 
exa nma ,on a large firm, fixed mass was discovered in the W kft quadra* 
o the abdomen. Lenience of nephritis and uremia soon developed, and the patient 
a . At autopsy it was found that the upper part of the left kidney and supra- 
renal gland were enveloped m a firm, white mass extending to and including the 
pancreas, winch it hound firmly to the spine. The growth extended to the ilio- 
psoas muscle and surrounded, but did not invade, the great vessels. The anatomic 
diagnosis was retroperitoneal lymphosarcoma invading one kidney and the pancreas. 
Histologically the tumor was a small cell lymphosarcoma. 


LVM I’HOSARCOM A ASSOCIATED WITH LESIONS OF THE RECTUM 

Lymphosarcoma ina)' affect any portion of the gastrointestinal tract, 
including the appendix. The microscopic structure is that of either a 
small cell or a large round cell lymphosarcoma. In 1929 Bensaude, Cain 
and Horowitz 0 reported 3 cases, and after a thorough review of the 
literature stated that the subject had been so neglected that until 1929 
they could find only 12 authentic cases in the literature. These authors 
distinguished two types: (1) a diffuse or generalized form, which is 
characterized by its structure, by its development and by its extension to 
the lymph nodes and (2) a localized form, which sometimes shows the 
typical structure of lymphosarcoma but most commonly resembles round 
cell sarcoma so closely that differentiation is extremely difficult. They 
reported 3 examples of the diffuse form. 


One patient, aged 65, first had cervical, axillary and inguinal adenopathy 
which responded to radiotherapy. Five years later marked enlargement of one 
tonsil was noted ; nine years after the onset of the disease a filling defect was 
demonstrated in the sigmoid flexure and on proctoscopic examination a nonulcerated 
mass was discovered, situated 12 cm. from the external anal orifice. Biopsy 
revealed a small cell lymphosarcoma. Roentgen therapy was administered, hut 
the general condition of the patient became worse, and an ileostomy was performe 
because of obstruction. He died several months later of progressive cachexia. 

The second patient was a woman, aged 74, in whom in 1924 there exeope 
adenopathy in the left supraclavicular region. The nodes were remorec one je a 
later (1925), and a microscopic diagnosis of malignant lymphoma was mare. 

1927 the patient was admitted with generalized adenopathy, abdomma n><-* • 
and an enlarged spleen, all of which disappeared under radiation i t wm- ^ 
pain and constipation first appeared in October 1926. ReCtal ex ‘ n j a , ana j 
March 1927 revealed a bulky, nonulcerated mass 4 cm from i • * {n ()(( , 

orifice. A biopsy specimen showed lymphosarcoma. Radiotlierap Wi{ wf> 

complete disappearance of the rectal growth, but the patient 
and the ultimate result is not known. 

6. Bensaude, R. ; Cain, A., and Horowitz: Le lymphosarcome du rec 
Ann. de med. 26:405 (Dec.) 1929. 
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The third patient was a woman, aged 67, in whom, m December 1928, there 
first developed bilateral cervical and preauricular adenopathy followed by severe 
intractable diarrhea. Examination revealed extensive adenopathy on the leit 
cervical and supraclavicular side. Proctoscopic examination revealed a large, 
nonulcerated mass about 12 cm. high, which on microscopic examination proved 
to be a reticulum cell lymphosarcoma. The patient died. Autopsy revealed 
involvement of the peribronchial, retroperitoneal and mesenteric nodes. T he rectum 
showed diffuse involvement in the iymphosarcomatous process. 


Bensaude, Cain and Horowitz 6 cited 9 cases (reported by other 
autlrors) of localized lymphosarcoma of the rectum. Noel Lapeyre’s 1 
patient was a woman, aged 28, in whom there developed a bulky tumor 
above the sphincter of the rectum. Rectal amputation was performed. 
Microscopically there were hypertrophied lymph follicles which could 
be traced to the fully developed neoplastic process. The patient reported 
on by Stolz, Guusett and Oberling. 6 aged 66. had an ulcerated tumor 
which extended 5 cm. along the lower portion of the rectum without 
causing stenosis and was fixed to the sacrum posteriorly and to the 
vagina anteriorly. The tumor was regarded as inoperable. The treat- 
ment consisted of radium puncture by the vaginal and by the rectal routes 
supplemented by external irradiation. The tumor disappeared, and the 
patient had remained well for over six years when the report was made. 
Hessert’s s ' patient was 50 years of age. The growth was resected, and 
the patient was free from disease seven months later. In his original 
contribution Kundrat 1 mentioned 1 case of inoperable tumor of the 
rectum which was diagnosed clinically as cancer, but which at autopsy 
proved to be lymphosarcoma. Key’s 10 patient was 41 years of age. A 
slowly growing, nonulcerated tumor of the rectum developed just above 
the sphincter. Partial removal of the mass was followed one month 
later by recurrence and extension of the disease. Exner’s 11 patient, a 
man. aged 43. suffered from a circumscribed, ulcerated tumor of the 
midportion of the rectum. The rectum was removed, and microscopic 
examination of the growth revealed a small round cell lymphosarcoma. 
1 be patient was well two years later. A second patient of Exner pre- 
sented a mushroom-like tumor which on resection proved to be a lym- 

iJ'TX' X ' C: Primary SarCOn,a of Rectum - R ev. de chir., Paris 58:223 


A " a " d ° berIing - C: Lymphosarcome du rectum 
*•* * «• As “- «"*. »• ra»dc * 

°< R ”«"V A„„ Surg. 36:4® (J„lv-Dcc.) 

y. F ‘^ C VOn ^ktelsarkom. Nord. .nied \rk 51*^ 

/nr ka*tn*ttk do? Rcktutsarkoiris. ibid. 8:1, 190S * " * 

4: S/m A ' : Ucbcr " ic ^elanotlscbe Sarkome des Mastdarms. Med. Klin. 
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phosarcoma. Brachmann’s patient was 15 years of age A rectal tumor 

tlic mzc of a cherry proved on section to be a small round cell sarcoma 
probably lymphosarcoma. sarcoma, 


u^vca 5 ;; 8 r r ag f, 41 ’ !" d sufferedfrom dfarrhea ^ «** d.w 

■, . r(?c ;! a,lc * proctoscopic examination a nodular growth 

tllc ainl snhinclor " T« f 0 ™"* 1 ° n ^ a " teri ° r WaI1 ° f ‘ he rectum 4 cm ^ove 
the anal sphincter. The tumor was not ulcerated and was firmly attached to the 

unclerl)-mg structures. A wide surgical excision of the growth was performed, 

followed by irradiation with high voltage roentgen rays. Microscopic examination of 

ic specimen revealed lymphosarcoma. The operation was performed in June 1931. 

J he patient is free from the disease at the time of writing, three years later. 

Case 9. H. H., aged 48, complained of pain in the lower portion of the 
abdomen of six months duration but had no other symptoms. On examination 
there was a growth the size of a lime just above the anal sphincter. A biopsy 
proved it to be lymphosarcoma. The treatment consisted of the implanta- 
tion of removable platinum radium needles and external radiation with the 
4 Gm. radium “bomb.” The tumor disappeared promptly, and the patient has been 
free from the disease for fourteen months at the time of writing. At no time was 
there evidence of the disease in other parts of the body. 

Case 10. — H. F., 53 years of age, for six months had had symptoms consisting 
of intermittent diarrhea alternating with constipation and some bleeding. No 
pain had been experienced, and there had been no loss of weight Examination 
revealed a lymphosarcoma at the rectosigmoid junction. Radium therapy resulted 
in the complete disappearance of the growth. Six months later there developed 
generalized adenopathy with enlargement of the submaxillary, cervical, axillary and 
inguinal nodes. The lesions responded to external therapy with the radium bomb, 
and the patient is now clinically free from the disease at the time of writing, one 
year and a half after the onset of symptoms and thirteen months after beginning 
the treatment. 


Comment. — In case 8 a patient with localized lymphosarcoma was 
free from the disease three years after wide surgical removal of the 
lesion followed by irradiation. The most common site of the lesion is 
just above the sphincter, although the growth may appear at the lecto 
sigmoid junction or anywhere along the colon or ileum. The peri recta 
and pelvic tissues are rarely invaded. The lesion usually covers a nrge 
area, presenting an irregular surface of the mucous membrane, u i*c i 
is frequently not ulcerated. The nodules are firm and elastic, ac ung 
the induration of cancer. The localized forms frequently occur as mor 
or less bulky masses just above the anal sphincter and are sometimes 

attached to a pedicle. .... 

Persistent diarrhea which refuses to submit to medication is t ic m 
important clinical sign. Frequently there are alternating constipatioi 
and diarrhea. The course of the disease varies markedly, <cpeiK» 
chiefly on whether the lesion is isolated and localized, or is part o gc 

eralized lymphosarcomatosis. . , . , . • 

Cure of localized lymphosarcoma of the rectum is recoucc >) 
surgical extirpation alone, by adequate radiothcrap} alone anc 
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combined methods. In general, because of the marked £*0 tent ) 
of the lesions, radiotherapy constitutes the method 0 chotce n « a 
cases treatment by interstitial rad.atton ts useful. External trrad 
ation should be utilized in all cases either alone or m conjuncltou with 
radium puncture or surgical excision, depending on the size, location and 
radiosensitivity of the tumor. 


lymph adenoma (lymphoma) 

Chronic enlargement of the lymph nodes limited to a group of nodes 
and not becoming generalized have been described by LeCount as 
being of common occurrence. Under the terms “simple lymphoma, 
“lymphadenoma" and “hyperplastic lymphadenitis, Ewing has given 
the following description of the pathologic observations : 

Appearing in the neck, axilla, groin and subcutaneous tissues and 
sometimes in other regions, these groups of enlarged nodes form solid 
tumor-like masses, with little or no tendency to central necrosis. After 
reaching a certain size they may remain stationary for months or years, 
producing only local symptoms. The prolonged benign course is char- 
acteristic (LeCount’s case continued for fifteen years). The structure is 
characterized by diffuse overgrowth of typical small lymphocytes. The 
lymph follicles in the early stages are increased in size and in number 
and exhibit prominent germ centers. The pulp tissue is composed of 
closely packed lymphocytes. The structure resembles that found in 
leukemia and pseudoleukemia. It may be distinguished from the former 
by the blood test and from the latter by its local character. The 
differentiation from lymphosarcoma may be difficult. The distinction 
must be made bv the usual clinical and microscopic criteria of malignancy. 
One case, observed by Ewing, persisted for eighteen years, eventually 
proving fatal, with rapid local growth and asphyxia. 


C.wf. 11. M. E., a man aged 61, first noted enlargement of the submental 
nodes three months before his first admission to the hospital on Feb. 6, 1931. 
Soon afterward he noticed enlargement of the cervical and inguinal nodes and 
leuu m both legs. Examination revealed enlarged discrete nodes in the cervical 
axillary and inguinal regions. Roentgen examination of the chest revealed a’ 
homogeneous shadow at the base of the left lung, a sharply defined shadow in 
be region ot the great vessels and an tncreased density at the right hilus. Roentgen 
herapy was administered over the cervical, axillary and inguinal regions and over 
he lungs and mediastinum with pronounced and rapid response. Ten months 
b ur the patient was treated for enlargement of the submental and supraclavicular 
n . Twenty months after the second recurrence he was readmitted with 
d>.pma cough, expectoration, edema of the extremities and pain in the back 
Examination revealed generalized adenopathy, ascites and mvocardiaf disease 
rn,i, -"' ,,n a Ca,n in regression of the nodes and improvement Tn 
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the patient’s general condition. The microscopic examination of a lymph node 
removed for biopsy revealed a structure characteristic of lymphadenoma (fig. 7). 
The patient is alive at the time of writing, three and one-half years after the onset 
of symptoms. The roentgen observations on the mediastinum taken three years 
apart arc of interest (fig. 8). 

Case 12.— R. V., a white man aged 43, first noted a mass in the left inguinal 
region in March 1928. In February 1931 a small tumor was removed from the 
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Fig. 7 (case 11). -A photomicrograph showing - J e £ bl]t absence of the 
or lymphadenoma, with the complete loss of the 
characteristics of fully developed lymphosarco • 

inguinal region and d.sappearecl after extern. 




Fig. 8 (case 11). — Roentgenograms of the lungs. A shows a widening of the 
lower part of the mediastinum before treatment. The microscopic diagnosis was 
lymphadenoma. B shows the same area three years later at the time of a local 
recurrence of the disease. 



iMH-.-d. With Wily occasional mitow- The arciltectur ^ but the cells are 
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Soon afterward there developed dyspnea, fatigue on exertion, palpitation, vertigo 
aiK disphngia. Examination revealed marked bilateral enlargement of the cervical 
axillary and inguinal lymph nodes. The microscopic examination of a node’ 
removed for biopsy revealed a structure characteristic of lymphadenoma. In May 
1J33 external radiation was administered to all the lymph node areas with marked 
improvement. In December 1933 the patient was readmitted to the hospital on 
account of recurrence, and irradiation again resulted in a marked regression of 
the lesions. As in the preceding cases the adenopathic processes exhibited a high 
degree of rndiosensitivity. 

THYMIC TUMORS 

1 he classification of thymic neoplasms has presented formidable 
difficulties, mainly because of the lack of knowledge concerning the 



Fig. 10 (case 14). — Roentgeuograms of the lungs. A shows a widened medi- 
astinal shadow before roentgen therapy. The microscopic diagnosis was thjmoina, 
B shows the same area eight months after treatment. 


histogenesis of the thymic cells or the so-called thymic lymphocytes 
forming the reticulum and parenchyma of the thymus gland. ns 
difficulty is intensified by the extreme variations in the histoogic 
structure of these tumors, which render a histologic classification lig t } 


confusing and extremely uncertain. 

According to Ewing 2 thjunic tumors fall into two main gi oups 
( 1 ) lymphosarcoma or thymoma, composed of round, poly ra < 
giant cells, and (2) carcinoma, arising from the reticulum ce s. 
sarcoma is the more common of the two, and Ewmg oum 
difficulty in distinguishing thymic tumors at autopsy from 
the mediastinal lymph nodes or the lungs. Thymic tumors ia ' c ‘‘ ' 

to surround and compress the trachea, bronchi, pericar mm ‘ 
vessels. The bronchial, cervical and axillary nodes are 1 
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involved. Extension and metastases to the following organs are ot 
common occurrence: pleura, lungs, pericardium, spleen, liver, supra- 
renal glands, pancreas, kidneys and brain. Perforation of the sternum 
is not uncommon, and cases of metastases to bones' have been recorded. 

Histologically, some forms of thymoma resemble Hodgkin’s disease, 
while others possess the characteristic features of lymphosarcoma. The 
thymic carcinomas are composed of pavement, cuboidal or cylindric 
epithelium. Mixed forms have been recorded by various observers. 

Margolis ls reviewed the literature on the histogenesis, pathology and 
the classification of thymic tumors and presented an excellent critical 
review of the subject. Two opposite views are held as to the histogenesis 
of the thymic cells. Some authors have held that the small thymic 
cells are related to the blood lymphocytes and that they are therefore 
of mesenchymal origin (Maximow, 14 Blum, Pinner 15 and Hammar 1G ) . 
Another group of workers advance the belief that the small thymic cells 
arise from the entodermal thymic reticulum (Nusbaum and Prvmak, 17 
Stohr, 18 Bell, 10 Prenant, Dustin 20 ). Margolis reported 6 cases of thymic 
tumor and arrived at the following conclusions : 

A rigid classification of tumors of the parenchyma is not possible at present 
because of the lack of definite knowledge concerning the histogenesis of all the 
elements of the thymic parenchyma, and because of the marked polymorphism of 
the cells which constitute most of such tumors. For this reason the designation 


13. Margolis, H. M.: Tumors of Thymus: Pathology, Classification and 
Report of Cases, Am. J. Cancer (supp.) 15:2106 (July) 1931. 

14. Maximow, A.: Untersuchungen fiber Blut und Bindegewebe: II. Ueber 
die Histogenese der Thymus bei Saugetieren, Arch. f. mikr. Anat. 71:525, 1909 * 
IV. Ueber die Histogenese der Thymus bei Amphibien, ibid. 79:569, 1912; V. 
Ueber die embryonale Entwicklung der Thymus bei Selachiern, ibid. 80:39, 1912; A 
Textbook of Histology, completed and edited by IV. Bloom. Philadelphia, W. B. 
Saunders Company, 1930. 


15. Pinner, Max: Zur Frage der kleinen Thymusrindenzellen, Frankfurt 
Ztschr. f. Path. 23:479, 1920. 

-a \ 6 ' mno"T: r ; J ' ZW Kennll,is der Teleostierthymus. Arch. f. mikr. Anat. 
A,,',' “ d W M-KM, Ana,. 

17. Xusbaum J and Prvmak. T. : Zur Entwickelungsgeschichte der lvmph- 
oiden Elcmente dcr Thymus bei den Knocbenfischen, Anat. Anz. 19:6, 1901. 

190(f Sl0 ' ir ’ P ^ UC,,er dlC XatUr der Tll -’ mus ‘Elemente, Anat. Hefte 31:407, 


19. Bell, E. T.: 
(Feb.) 1917. 


Tumors of the Thymus, J. Xerv. & Ment. Dis. 45:130 


*£ *■ %«* Arch, W ai™ ’ A PIW 


gen. 55:95, 1915- 




Fig. 11 (case 14). — A, a low power photomicrograph, shows a carcinoma ot 
the thymus. B is a high power photomicrograph of the same section. The lesion 
proved to be moderately radiosensitive. 
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ot thymoma for all tumors derived from the parenchyma of the organ seems 
more satisfactory than their classification as carcinomas and lymphosarcomas. 
Careful study of tumors of the thymus of the type often designated lymphosarcoma 
su< TO 'ests that the sarcomatous appearance of the tissue may represent only a 
morphologic variation of a type of cell derived from the thymic reticulum. For 
the present the designation of sarcoma, including lymphosarcoma of the thymus, 
should be reserved for those tumors apparently derived from elements within the 
stroma of the thymus. 

Crosby 21 collected 166 cases of malignant disease of the thymus 
gland. In 122 of these the growth was classified as sarcoma and in 44, 
as carcinoma. In a series of cases of mediastinal neoplasms Haagensen 22 
reported 2 cases of carcinoma of the thymus' with complete clinical 
and pathologic data, including observations at autopsy. He emphasized 
their radioresistance and called attention to the importance of this fact 



Fig. 12 (case 15).— Roentgenograms of the lungs. A shows an extensive medi- 
astinal mass probably originating in the thymus, before treatment; B shows the 
same area after treatment. The lesion proved to be radioresistant. 


Ill mTr t0 the di f ercntial diagnosis of primary mediastinal tumors. 
19o_ C raver and MacCo.nb 23 reported 3 cases of tumefaction of 

va ure U Vh rTT With - lVniphatiC leukania and viewed the 

luuaturc. Hie high radiosensitmty of the lesion was noted and atten 

Importance of a careful inveSfon oT hi 


Malignant Tumors of Thymus Gland. Am. J. Cancer II 


21. Crosby. If. II.; 

•I'd (May) 1032. 

MvdbMb^;' a";, j. - ° f Primary Xe0p,asms 

Hnlarccment. Am. f. Omeer^lC :277 Qlarch) ^ Phat, ’ C Leukenlia Thyr 
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Case 14. — \V. C. t a man aged 44, noted a painless swelling on the right side 
of the neck in May 1927. In January 1928 a biopsy on the cervical mass was 
reported to show lymphosarcoma. External radiation resulted in the complete 
disappearance of the mass. The patient remained well for five years, when a 
local recurrence was noted in the same area. Examination in March 1933 revealed 
a mass 15 by fi cm. reaching from the right mastoid process to the angle of the 
jaw. There was no other adenopathy. Roentgen examination of the lungs revealed 
a mediastinal shadow (fig. 10 A). External irradiation with roentgen rays resulted 
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' Fig 13 (case 15) .-A photomicrograph showing 
,„d polyhedral cells with numerous giant cells, probab , 

. . , cerv icaf anil the mcibasinia 

( f,oT5--TeS? free 1 from the 

A review of the microscopic sections P P arrangement. T 

— essentially of <*>» -tain areas a 

*h rS r«semb,e Cl HU., corpuse.es. Jhe structure 
Iglis of a tumor of thymic or.gm (fig ID- 
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A,, L n I9» Tl ' ^ ' l "“ 1 ,,a '" cte * and ”■ "* bad* i. 

A. M.SI 1M0 1 1, cse symptoms were soon followed by dyspnea, congb, swelling 

of the neck hoarseness and loss of weight. E.vaminalion revealed engorgement of 
the veins of the neck and physical signs of a mediastinal mass. Roentgen exam- 
ination of the chest revealed a large mediastinal mass extending from the hilus of 
l ie lett lung at the level of the third rib outward toward the periphery (fig. 12). 
The trachea was displaced markedly to the right. There were discrete enlarged 
nodes m both cervical areas and in the right axillary and right inguinal regions. 
High voltage roentgen therapy was instituted, but the patient’s general condition 
grew worse, and he died two weeks after therapy was begun. .Autopsy revealed 
a mediastinal tumor with extension to the pleura and the pericardium, metastases 
to (he peritoneum, the liver and the pancreas and gangrene of the left lung. 



Fig. 16 (case 16).— A photograph of the gross specimen of a mediastinal 
tumor removed at autopsy. It appears to have originated in the thjmus. 


Examination of the microscopic sections revealed diffuse small round cc - 
sarcoma with occasional giant cells resembling Hassall s corpuscles (fi a - • 
failure of the lesion to respond to irradiation is probably best explainc y 
extent of the disease and by the poor general condition of the patient ra 


by an inherent radioresistance of this particular type of tumor. 

. . « . U. 


■C. B., a man aged 44, was admitted to .the hospital on Aug. 


Case 16.— C. a., a man agea hh, was - . . the 

1933, with a history that five months previously he noted »oc « appearance 
skin over the anterior wall of the chest. These were o ov,c ^ tl|fIlors 

of similar lesions in both axillae. Examination revealed mul : V cxamination 
over the sternum and in both axillae and groins (fig. )■ _ v ” r0cn tgcno- 
on August 28 disclosed a well defined tumor in the mediastinum, « ^ ^ 

gram taken on October 13 showed marked advancement ot 
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tells, suggestive of thynnc ongtm ^ ^ tUe lower portions 

from September 9 to September 24, aUernat cm and wMl a dosage 

-” <« “*>*“ *■ a,Kr ,rH ““ nt 

begun. 



Fig. 17 (case 16). — A photomicrograph showing the structure of the thymic 
tumor depicted in figure 16, which was that of reticulum cell lymphosarcoma. The 
tumor proved to be highly radiosensitive, but treatment was followed by prompt 
recurrence, extension of the disease and death. 


Autopsy revealed a severe degree of jaundice, cutaneous and subcutaneous 
tumor nodules and invasion of the lymph glands in the neck, axillae, groins, 
mediastinum and retroperitoneal areas. In the region of the thymus there was 
a discrete tumor which had the anatomic position of the thymus (fig. 16). Exam- 
ination of the microscopic sections revealed a malignant tumor composed of round 
:ird polyhedral cells, crowing diffusely, with numerous mitoses (fig. 17). 
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J Ins case is an example of a rapid primary response to irradiation followed bv 

rsr™ ,n * '’ aiic "‘ in "' i,om ,i,c d, ' scase «■* ^ 

, 0 S ASE Ia ~ J ; H ” a man a S cd 43 > was admitted to the hospital on March S, 
1933 with a history that m February 1932 he had dyspnea, weakness and pain 
in the chest, followed by cough, abdominal pain and the loss of 60 pounds 
kg.) over a period of six months. Three weeks before admission swelling 
of the sternum was noted, and one week before admission large masses appeared 
in both sides of the neck and in the right axilla. Examination revealed marked 
emaciation and a large, pyramid-shaped swelling of the upper two thirds of the 
sternum. J here were enlarged, discrete nodes in both cervical and axillary regions. 
Roentgen examination of the chest revealed a large mediastinal mass extending 
widely in all directions (fig. IS A). A lymph node was excised from the right 
axilla, which on microscopic examination revealed the typical structure of reticulum 
cell lymphosarcoma ■ (fig. 19). Roentgen therapy resulted in prompt regres- 



Fig. IS (case 17 ). — Roentgenograms of the lungs. A shows a huge mediastinal 
mass before treatment; B shows the same area three months later, with almost 
complete disappearance of the lesion after roentgen therapy. This is an examp e 
of a highly radiosensitive lesion. 

sion of the sternal tumor and mediastinal mass, as noted b) repeated 
roentgen examination of the chest. The general condition of the patie 
improved, and his symptoms disappeared. Two months after treatment uas 
begun there was a marked reduction in the size of the mediastinal mass, a i 
three months after the beginning of treatment a roentgen examination o tie cit 
revealed no demonstrable evidence of disease in the mediastinum (fi D - • 

patient was last seen in March 1934. His general condition was goo , k 
disturbing symptoms, and a roentgenogram of the chest reieaec 

mediastinum (fig. 20). _ 

The mass in this case is an example of a highly radiosensitn e >' ^ 

responded to roentgen therapy. It is of interest that ^ ^ 

mediastinal mass proved to be radiosensitive, it was not ex rcm ' , ' ' 

indicated by the fact that the roentgenogram of the chest made tuo m 




Fig. 19 (case 17).— A photomicrograph showing the structure o£ a reticulum 
cell lymphosarcoma, probably of thymic origin. 
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treatment failed to show complete regression. This is an example, therefore of 
the hotter prognosis in cases of tumor which, although sensitive to radiation' do 
not regress too rapidly. ' 


, Cask 1S -— W. G, a man aged 37, was admitted to the hospital on Aug. 21, 
1930, with a history that six weeks previously he had begun to suffer from vague 
pains throughout the skeletal system, enlarged cervical glands, weakness and loss 
of weight. Examination revealed that the patient was markedly undernourished. 
1 lie cervical and supraclavicular glands were enlarged, and roentgen examination 
of the chest revealed a widened mediastinal shadow (fig. 21). Microscopic exami- 
nation of a lymph node revealed a structure resembling that of thymic carcinoma. 
I he lesion failed to respond to irradiation. The patient's general condition became 
rapidly worse, and lie died fifty days after admission. 

1 he growth in this case is an example of the radioresistant form of thymic 
tumor. The microscopic structure was consistent with the failure of the growth to 
respond to treatment. 



Fig. 21 (case 18).— Roentgenograms of the lungs. . A shows a mediastinal 
mass, probably of thymic origin, before treatment ; B shows the same area a ter 
treatment. 


Case 19.— W. P., a white man aged 34, was admitted to the hospital on June 
1932. Symptoms were present for fourteen months and consisted o pain, - 
phagia, dyspnea, cough and attacks of fainting. The examination disc ose c 
of the veins of the neck and chest, pleural effusion at the base , f 

and enlarged axillary nodes. A biopsy specimen ™>e * > 
round and polyhedral cells with numerous^ giant cells (fig. -~b « ^ |)0th 

of the chest revealed a marked accentuation of the we ,as regressed 

sides and a pleural effusion on the right side (fig. -3). n]on(I)S 

rapidly, and on August 24 the mediastinum appeared to be n0 ‘ ' or involving 
later the disease recurred and the patient died. Autopsy rev* extern 

the axillary, mediastinal, retroperitoneal and -en.enc 1«* ^ 

sion to the pleura and pericardium and metastases to t 
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Case 20.— L. 0., a white man aged 54, was admitted to the hospital on Sept. 
13, 1932. His general health was good until three months prior to admission, at 
which time he began to have enlarged cervical glands, pain in the left side of the 
chest, dyspnea and cough and considerable loss of weight. The physical examina- 
tion disclosed a marked bulging of the anterior wall of the chest on the left in the 
region of the border of the sternum. There were also an enlarged, firm, movable 
lymph node in the left supraclavicular region and enlarged glands in the left 
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■ixilla. 1 lu- veins m the neck were markedly distended vr- 

•n tissue from the sternum revealed , ' ~ . Mlcrosco P I c examination 

-ms revealed an 

There was also considerable fluid in' the leTX T ^ ^ left side ’ 

centimeters of dark, amber-colored fluid was withdrl “T' ^ tH ° USand CUbiC 

a. withdrawn by paracentesis from the 
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left pleural sac. Roentgen treatment was instituted on September 30. There was 
sliglit clinical improvement, but the disease recurred promptly, and the patient 
died outside the hospital in January 1933, about three months after the first 
roentgen treatment. 

Case 21. ~C. R., a white man aged 56, was admitted to the hospital on April 
20, 1932, According to the history his neck began to swell two months prior to 
admission and rapidly increased in size, accompanied by cough and dyspnea. 
Examination revealed marked cervical adenopathy. Microscopic examination of 
the biopsy specimen revealed a thymic carcinoma (fig. 24). Roentgen examination 
of the chest revealed an abnormal shadow of heavy density superimposed on the 
upper portion of the mediastinum (fig. 25 A). The patient received two courses 
of high voltage roentgen therapy in April and May and in August and September. 
There was only moderate response to irradiation as shown by a slight diminution 



Fig. 23 (case 19).— A roentgenogram showing a tumor m the mediastinum 
and fluid at the base of the right lung. 

of the mediastinal shadow (fig. 25 B). The patient committed suicide on October 
4, after he was discharged from the hospital. 

PRINCIPLES AND TECHNIC OF TREATMENT 

It is evident from the gross anatomy of lymphosarcoma t!>^com 

paratively large masses of tumor tissue must be expose ^ ^ 

and that because of its widespread distribution extensive areas 

body must be treated. Were it not for the high degree ot r< 

of the tumor, the doses required to control the disease vouc ^ 

greater than the general condition of the patient wouk to > 

® .... relative! t sui« m 

ever, the degree of radiosensitivitv is so high 





Fig. 24 (case 21). — A photomicrograph showing carcinoma of the thymus. 
The lesion proved to be radioresistant. 


r 




Fie. 25 (case 21). 


-Roentgenograms of the lungs. 


'I N' h' v i' n essentially radioresistant ' V " 1S therap >'‘ 
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(loses can be administered effectively over widespread areas with no 
harmful ehects. 

. Il,e tcchnic of roentgen therapy for lymphosarcoma and Hodgkin’s 
disease has undergone various changes. When the transition from the 
lower to the higher voltage was made, massive doses were at first 
administered which caused many disastrous results. The desirability 
of fractionating the dose was soon established (Dresser , 24 Desjardins, 2 " 
Y oorhoeve and Gilbert and Sluys 27 ). The other development of 
importance was the recognition that the actual distribution of the dis- 
ease is nearly always wider than the clinical examination discloses, and 
consequently wide areas must be irradiated in which the presence of 
the disease, though not clinically^ demonstrable, must be suspected. 



Fig. 26 .— A diagram showing the lymph node areas to be treated in cases of 
lymphosarcoma (Gilbert and Sluys). 


Gilbert and Sluys 27 elaborated a technic of roentgen therapy for 
malignant granuloma which has )deided interesting results. 


24. Dresser, R. : Lymphoblastoma (Hodgkin’s Disease) of Sternum, Ani. J. 
Roentgenol. Iff: 525 (June) 1926; Lymphogranulomatose der knochen 
kinsche Krankheit), Strahlentherapie 41:401, 1931. 

25. Desjardins, A. U.: Radiotherapy for Lymphoblastoma, Radiology 
(Aug.) 1926; Rationale of Radiotherapy m Hodgkins Diseas 
sarroma, Am. J. Roentgenol. 17:232 (Feb.) 1927. 

26. Voorhoeve, N.: La lymphogranulomatose mahgne; resu a s ‘ (ion; 

1 ’auteur avec la rontgentherapie ; les principes du traitemen ^ Granuloma 

Valeur de la biopsie pour le diagnostic, Acta radio!. 4:30/, - ■ 

Malignum, ibid. 5:374, 1926. . maligne, 

27. Gilbert, R., and Sluys, F. : La radiotherapie de la grami on. 

J. de radiol. et d’electrol. 17:129 (March) 1933. 
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Fiome ?6 shows the fields which Gilbert and Slurs utilized. The 
factors were as follows: fr our ISO to 200 kilovolts, 

2 to 4 milliamperes and filtration with trom . 

with the focal distance varying with the depth of the lesion and 



pig. 27. A chart showing the present condition of the patients with lympho- 

sarcoma. The solid black areas indicate the number of patients who died; the 
cross-hatching, the number who are alive, but show evidence of the disease, and 
the white areas, the number who are living and are without symptoms. 



Tig. 2S. — A chart showing the duration of the disease from the onset of symp- 
toms in cases of Hodgkin’s disease and lymphosarcoma. The black areas indicate 
the number of patients with Hodgkin’s disease, and the white areas, the number 
with lymphosarcoma. 


size of the field. The dose to each field in the first series was 400 r 
(roentgen). For the more superficial lesions in the cervical and axillary- 
nodes the total dose was between 700 and 1.100 r. For mediastinal 



436 


archives of surgery 


icsions a dose of 1,000 r was administered to each of four portals 
making a total of 4,000 r. The patient was treated daily, receiving 170 
r at each treatment. When the lesion was extensive the dose during 
the first few days was diminished in order to avoid a toxic reaction, 
lhc treatment was continued once or twice a day for from four to 
fnc weeks. In certain cases in which the lesions proved to be resistant 
to loentgen therapy a response to distance massive radium therapy 
has been noted (Bowing, 28 Mallet 20 and Dautwitz 30 ). 


Table 2. Condition of Patients zoith Lymphosarcoma on Feb. 1, 1934 


Mediastinal 

Involvement 


Alive, with symptoms 4 

Alive, without disease 1 

Decenscd 12 

Total 17 


Without 

Mediastinal 

Involvement 

Total 

Per Cent of 
Total 

5 

9 

SO 

3 

4 

13 

5 

17 

57 

13 

30 

100 


Table 3. — Interval from the Onset of the Disease to Death in Cases zoith 

Fata! Outcome * 


Duration, Months 


Without 

Mediastinal Mediastinal 

Involvement Involvement Total 


Oto C 4 0 

7 to 12 3 2 

13 to IS 3 0 

10 to 24 0 1 

25 to 30 0 3 

31 to 36 0 1 

37 to 42 0 0 

43to4S 0 0 

49 to 54 1 

Total 11 5 


* One case could not be included in the study regarding duration, since 
by suicide. 


4 

5 
3 
1 
1 
1 
0 
0 
1 

16 


death was caused 


With some exceptions I have utilized the principle of irradiating 
not only the lesions that are clinically evident but all lymph node areas 
which do not show clinical evidence of disease but which are regarded 
as potentially invaded. Irradiation is given daily for four or five weeks. 

28. Bowing, H. H. : Value of Radium and X-Ray Therapy in Hodgkin. 

Disease, J. Radiol. 2:20 (Dec.) 1921. _ location 

29. Mallet, L. : Curietherapie : Technique physique et posoJogte. - PP ,c ‘ 
aux principaux cancers, Paris, J. B. Bailliere et fils, 1930, p. 300. 

30. Dautwitz, F. : Lymphogranulomafose und Radiumbcstrahhing, 
therapie 25:375, 1927. 
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RESULTS 

The length of time that elapsed between the onset of symptoms 
and the beginning of treatment in this series of cases varied .horn 
one month to three years, the average interval being ten months. In 
17 of the 30 patients there was roentgenologic evidence of mediastinal 
involvement, and in 13 the mediastinum appeared to be normal. Table 

Table 4 .— Interval from the Onset of the Disease to Feb. 1, 1934, in Cases in 
Which the Patients Arc Living 


Duration, Months 

Mediastinal 

Involvement 

1 

Without 

Mediastinal 

Involvement 

0 

Total 

1 

13 tn 1R 

1 

1 



1 

3 

4 


0 

0 

0 


0 

0 

0 

27 to 49 

1 

0 

1 

43 to -iS 

0 

1 

1 

49 to 54 

0 

0 

2 


0 

0 

0 

Cl to CG 

0 

0 

0 

07 to 72 

0 

1 

1 


0 

0 

0 

79 to S4 

1 

0 

1 

Total 


s 

33 


Table 5. — Interval from the Onset of the Disease for AH Patients Living 

and Dead 




Without 


Duration, Months 

Mediastinal 

Mediastinal 


Involvement 

Involvement 

Total 

Oto G 

4 

0 

=> 


7 to 12 


6 

13 to IS 


1 


19 to 24 


4 


23 to 30 


1 


31 to SO 

0 



37 to 42 




43 to 4S 




40 to 34 



1 

rc. to oo 



3 

0 

01 to CO 



03 to 72 



0 

73 to 78 



1 

70 tost 


0 

0 




1 

Total 


13 

— 

.... 


29 


2 and figure 27 show the condition at the time of writing of the 
patients with and those without mediastinal involvement. 




? pc " od T om tl,c onsct of symptoms to death or, in the case < 
P wms mil alive, to Fell. 1. 1934, ranged Iron, two months to si 

ocr o,,™' " S T " ,e Ca5K " fa,iI «■“» the m inimu 

11 s,,mval ttooths and the maximum, f„ ur vears a , 
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five months. The 
months (table 3). 


aveiage or mean period was approximately sixteen 


For the patients alive on Feb. 1, 1934, the minimum interval from 
the onset of symptoms was ten months and the maximum, six years and 
eight months. The average interval was three years (table 4). 

If one includes all patients both deceased and living, the average 
interval from the onset of symptoms to death or to Feb. 1. 1934, was 
twenty-five months, or approximately two years (table 5). 

A studv of 100 patients with Hodgkin’s disease is at present under 
way. and it seemed interesting to compare the data relating to the 
duiation of the disease in that group with the duration in the group 
with lymphosarcoma. It is evident from table 6 and figure 28 that 
patients suffering from Hodgkin’s disease live somewhat longer than 
those suffering from lymphosarcoma. 


1 able 6. — Comparative Figures on Interval from the Onset of the Disease to 
Death or to Feb. 1, 1934, in Cases of Hodgkin’s Disease and of Lymphosarcoma 



Lymphosarcoma 

Hodgkin's Disease 


r 

Cumulative 


Cumulative 


Alive 

Frequency 

Per Cent 

Frequency 

Per Cent 

0 to .1 months 

2D 

100 

SO 

100 

•I to 0 months 

2S 

97 

SO 

100 

7 to 12 months 

25 

SO 

SO 

ion 

13 to 21 months 

19 

6G 

09 

SO 

2.7 to 30 months 

10 

34 

4G 

5S 

37 to IS months 

.... 7 

21 

34 

43 

1!) to CO months 

.... 5 

17 

21 

30 

Gl to 72 months 

2 

7 

15 

ID 

73 to SI months 

1 

3 

12 

Jo 

S3 to 98 months 

0 

0 

9 

11 

97 to 10S months 

0 

0 


10 

109 to 120 months 

0 

0 

2 

3 


COMMENT 

Lymphosarcoma can be divided into two major clinical groups: 
(1) a generalized form, with widespread involvement of the lymph 
nodes, and (2) a localized form, in which a single group of lymph 
nodes or a localized area of lymphoid tissue is the seat of the disease. 
The generalized form is more common, the localized form compaiatncl} 
rare. In my group of 30 cases the ratio was 5: 1 (25 of the diffuse 
form and 5 of the localized form). 

The generalized form of the disease usually attacks the superficia 
and deep lymph nodes throughout the body. Sometimes the inerliastma 
nodes are extensively invaded, giving rise to a large mediastinal tumor. 
In this series of 30 cases 17 patients, or 56 per cent, showed roent- 
genologic evidence of mediastinal disease, and among 13 cases 
came to autopsy, gross and microscopic evidence of mediasHna nno < \c 
ment was seen in 9. The absence of positive roentgeno ogic e ^ 
of mediastinal involvement does not necessarily indicate the a iscnc 
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disease, and in view of the high percentage of involvement in the 
mediastinal nodes as proved by autopsy, this area must be regarded as 
potentially involved and must be treated accordingl} . 

The same principle holds true lor the retroperitoneal and mesenteric 
regions. The lymph nodes of these regions proved to be involved m H 
ot the 13 patients who were examined at autopsy (85 per cent), with 
involvement ol the retroperitoneal glands in S and of the mesenteric 
glands in 3. This circumstance renders it essential to regard the 
mesenteric and retroperitoneal areas as potentially involved, and they 
must be treated accordingly regardless ol the absence ol the disease on 
clinical examination. 

The localized form ol the disease occurred in 5 patients. In 2 the 
disease originated in the nasopharynx and extended upward to the 
accessory sinuses. Both died; at autopsy no other evidence ol disease 
was discovered in 1, and the second patient died without showing other 
clinical evidence ol disease. Two patients with lymphosarcoma ol the 
rectum are well alter two years and three years, respectively, without 
showing further evidence ot the disease at any time. The filth patient 
was treated two years ago lor a mass ol nodes localized in the left 
cervical region. The lesion disappeared under irradiation, and there 
has never been evidence of the disease in any of the other lymphoid 
structures. 


When the mediastinum shows extensive involvement, the clinical 
and roentgenologic features are such as to simulate tumors of thymic 
origin. The histogenesis of the thymic parenchyma being undetermined, 
it is not feasible to classify these tumors. Some authors divide thymic 
tumors into lymphosarcoma and carcinoma; others designate the whole 
group by the term thymoma. Regardless ol their histogenesis, how- 
ever. one fact is certain: From the point of view of radiosensitivity they 
form two distinct and separate groups. One is highly radiosensitive 
and the other markedlv radioresistant. 


The radiosensitive forms comprise two histologic types : (1) the 
small round cell type, or malignant lymphocytoma, and (2) the large 
round cell type, or reticulum cell lymphosarcoma. The small cell tame 
is exceedingly rare. According to Haagensen 22 it occurs usually in 
children, occupies the thymic region and metastasizes widely. The lar°-e 
round cell type occurs much more frequently. The histogenesis of this 
Rpe is disputed, some believing that it arises in the anterior mediastinal 
lymph nodes and others that it originates in the thymus. 

1 he radioresistant thymic tumors present a varied histologic structure 
In some the cells arc large and flat, in some places forming structures 
riiKli lesemble H assail s bodies. In others the cells are arranged in 
ah eo , and present a definite glandular structure. In most examples the 
'tructure ,s mixed, and one finds alveolar areas, polyhedral cells and 
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lymphocytes enmeshed in a dense connective tissue stroma. In some 
tuinois the cells lining the alveoli are cylindric (%. 11). 

1 lie difference in tire radiosensitivity of the hvo groups of mediastinal 
tumors intimately connected with the thymus is so striking that a 
model ate dose of external radiation constitutes a valuable therapeutic 
test jn differentiating between the two forms. 


The piinciples of treatment of lymphosarcoma differ for the gen- 
eralized and localized forms. In the case of the generalized form, 
wide areas are exposed to radiation and all areas bearing fymph nodes 
aie treated, regardless of the distribution of the disease that is evident 


on clinical examination. In view of the extensive areas of the body 
that must be exposed to radiation and because of the marked radio- 
sensitivity of the lesion, the doses over each portal of entry are relatively 
small compared to those utilized in the treatment of the epidermoid 
carcinomas. The rapidity with which the exposures are made is guided 
by the general condition of the patient. 

The principle of treatment of the localized form differs from that 
for the generalized form. Because of the limited extent of the disease, 
it is safe to deliver a much larger dose of radiation. Although under 
these circumstances it is not necessary to simulate the large doses used 
in the treatment of carcinoma, the dose should be much larger than 
that which can be administered safely in cases of the generalized form 
of the disease. Thus, for example, the patient with a localized mass of 
cervical lymph nodes and no other clinical evidence of disease received 
80,000 mg. hours of radium at a distance of 10 cm. over a surface 
area 10 cm. in diameter during a period of three weeks. 

The question naturally arises as to the differentiation of the 
localized from the generalized forms of the disease when only a single 
focus can be detected on clinical examination. I know of no method 
by which it can be predicted that the appearance of a localized focus of 
the disease will or will not be followed by the appearance of the disease 
in other areas. This difficulty raises the important question of whether it 
may not be an expression of sound judgment to irradiate propin - 
lactically all lymphoid areas regardless of how limited the disease ma\ 
appear to be on clinical examination. No general rule can be made on 
this point, but each case should be considered on an individual basis 
with these facts in mind. 

The results of roentgen therapy of lymphosarcoma may re sum 
marked' briefly. In the generalized form the disease may he arrested 
for varying periods and may sometimes be controlled for sever a } ears. 

In the rare localized forms the disease can be eradicated. I 115 rcstI 
is sometimes followed by the appearance of the disease elsewiere in i 
body, but occasionally an apparent cure can be accomphshec . ie P< 
remaining well and free from the disease for as long as ten } 
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SUMMARY AXD CONCLUSIONS 

Thirty cases of microscopically proved lymphosarcoma are reported. 
Thirteen patients died in the hospital, and all came to autopsy. The 
pathologic observations are presented. 

Seventeen, or 57 per cent of tire group, are dead. The minimum 
duration of life from the onset of symptoms to death was two months, 
the maximum duration, four years, and the average duration, sixteen 
months. 

Of the 13 patients alive 9 show clinical evidence of the disease' and 
4, or 13 per cent, show no evidence of the disease. 

For the patients alive, the minimum interval from the onset of 
symptoms to Feb. 1, 1934, was ten months, the maximum, six and one- 
half years and the average, three years. 

Including all cases, the average interval from the onset of the disease 
to death or to Feb. 1, 1934, was approximately two years. 

For the 4 patients who are alive and clinically free from the disease, 
the interval of freedom from the disease varies between two and six 
years. 

Twenty -three of the 2S patients treated by irradiation, or approxi- 
mately SO per cent, were benefited by the treatment. Regression of 
the tumors, relief from the pain and improvement in the general 
condition of the patient constituted the immediate primary results fol- 
lowing treatment. 

The disease has a notorious tendency to recur, and more particularly 
to reappear in outlying areas. Prophylactic irradiation to lymph node 
areas which are not clinically involved may help to diminish this 
tendency. There is some evidence that the pursuit of this principle has 
averted the danger in some instances. 



NEUROFIBROMA OF THE URETER 

REPORT OF A CASE WITH OPERATION AND RECOVERY 


A. RAVICH, M.D. 

BROOKLYN 


When one considers the ureter merely as a muscular duct which 
transmits the urine secreted and excreted by the kidney into the bladder, 
it is not surprising that one finds so few instances of primary tumor 
of this organ. The majority of the neoplasms involving the ureter are 
papilla i y caicinomas which originate in the pelvis of the kidney and 
the cells of which break off and implant themselves on the mucosa of the 
ureter. AVhereas benign papilloma occurs rather infrequently in the 
pelvis ol" the kidney, it is still rarer for such a growth to spread secon- 
darily along the ureter until after it has become malignant. Primary 
carcinoma of the ureter is also rare, only sixty- one cases having been 
reported in the literature. 

Careful perusal of the literature failed to reveal a single case analo- 
gous to the one here reported, even though involvement of almost every 
other organ in the body by this type of tumor had been reported by 
various authors. 

REPORT OF CASE 

J. B., an Italian stevedore, aged SO, married, was referred by Dr. Bendetson 
on Nov. 20, 1930. The history was unessential except for uncomplicated gonorrheal 
urethritis ten years before. Several months previously he began to have slight 
backache, principally on the left side. For the preceding four weeks the patient 
had considerable pain in the left iliac region radiating down to the groin and testis 
and upward to the left flank. The pain was more or less constant, but was worse 
at night and frequently severe enough to keep him awake. At times he had 
attacks of fairly severe pain, but never severe enough to require a hypodermic 
injection. There were no urinary disturbances except nocturia two or three times. 
There was no macroscopic hematuria, although urinalysis revealed a few erythro- 
cytes. 

Physical examination revealed a swarthy, well nourished, obese and muscular 
man. The heart sounds were distant but of fairly good quality. There was shgit 
tenderness over the left costovertebral region and, on deep palpation, in the c t 
lower quadrant. No masses could be felt. 

The bladder urine showed a specific gravity of 1.018, was clear, gave a positnc 
reaction for acid and albumin and a negative reaction for sugar and contains a 
rare erythrocyte, an occasional leukocyte, a rare hyaline cast and an occasiona 
epithelial cell. It contained no bacteria. .„ C n 

On examination by rectum the prostate was practically normal . 0 .2 

examination revealed both kidneys to be slightly enlarged, though t ic ot ^ 
were not very clear owing to the large size and muscularity of the pa ic 
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calculi were seen in the urinary tract. After careful study, on the left side of the 
spine above the iliac crest a faintly outlined, irregular shadow the size of a tan- 
gerine was seen, the nature of which could not be determined. 

Cystoscopy revealed a definite lip formation of the median lobe of the prostate 
and normal lateral lobes, and also a normal bladder mucosa. The orifice of the 
right ureter was normal; that of the left was slightly injected. Indigo carmine, 
injected intravenously, appeared in five minutes from the right orifice; none had 
appeared at the end of ten minutes from the left. A no. 6 F wax-tipped catheter 
was passed up the left ureter, meeting marked obstruction 15 cm. and an impassa- 
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Fig. 2. — Cross-section showing the dilated renal pelvis and calices and also (he 
large tumor surrounding the ureter. Note the dilated portion of the ureter at the 
upper border of the neoplasm, which narrows rapidly as it runs through the mass. 


Two days later the patient entered the Jewish Hospital of Brooklyn, where, 
on November 24, intravenous pyelography showed a fairly normal right renal 
pelvis and ureter, but no dye was seen in the left renal pelvis or ureter. A mass 
of soft tissue the size of a tangerine was noted opposite the fourth lumbar vertebra. 
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A blood count showed: 7,300 leukocytes, 4,750,000 erythrocytes and 70 per cent 
hemoglobin. Chemical examination of the blood showed: sugar, 122 mg. per 
hundred cubic centimeters ; creatinine, 2 mg. ; urea nitrogen, 22.8 mg., and uric acid, 
6 mg. The phenolsulphonphthalein test showed an excretion of 52 per cent for 
the first hour and 32 per cent for the second hour, making a total output of 84 
per cent. The reactions to the Wassermann and Kahn tests were negative. The 
blood pressure on admission was 170 systolic and 110 diastolic. 



On November 20 win, 

a small quantity of ether, a hocLv'stick^ anestllesia !a ter reenforced bv 

from the costovertebral ancle to the a • In ?'. SIOn was made over the left birt 
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irregular, stony-hard mass the size of a tangerine, which was so adherent to the 
adjacent tissues by thick bauds and adhesions that it was finally freed with the 
greatest difficulty and excised after each band was clamped and tied. The ureter 
was damped, tied and severed below the mass. The peritoneum was carefully 
avoided. The wound was then dosed in layers around two cigaret drains. 

Except for some abdominal distention, oliguria and slight elevation of tempera- 
ture for several days, the postoperative course was smooth.' The blood pressure 



luring the three days following operation ranged December 

rhe blood urea nitrogen and creatinine values we ~ car diac disturbance 

[ and 2 7.7 and 2 mg. on December 4. 0«m to » aftcr opcrntio!I . 

he patient was kept in bed until December , “ * discharged on December 
rhe wound healed by primary union, and the patient 

3 in good condition. derer . Macroscopically the kit 

The pathologic report was made by Dr. . . and the surface was 

ddney weighed 120 Gm. The capsule strippe ^’- d xhe surface wa« 

mooth except for many small cysts containing clear 
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, a section showed a diffusely yellow 
xt “™r«S S »s»n»d'b« e „ r«pW by numerous dfhucl sacs 

tfi The'norm»l line of demarcation 

d “ d “ a tto - ' 
Z SZ skowei the usual lesions of hydronephroses. 



Fig. 5. — The same section as that shown in figure 4; X 450. 


Macroscopicallv the ureter was surrounded by an irregular mass, 8 cm. in its 
longest diameter, which completely constricted the lumen of the ureter. From the 
surface of the mass projected several smaller nodules, each about 2 cm. in diameter, 
which on section were shown to be made up of dense yellow-gray tissue. The 
mam mass was directly continuous with the ureteral wall, which was thinned both 
nlvfve and below the involving tumor. The major portion of the ureteral wall 
' V1 ‘ markedly embedded in the surrounding mass of interlacing bundles of gray 
ti'Mie, so that it could not be dissected from the latter. 
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; Microscopically the tumor was made up of numerous bundles composed of inter- 
ac »‘ff ”I)ers. 7 he fibers gave a positive reaction on staining for nerve cells. The 
arrangement of the cells was in large masses separated from each other by a 
small amount of connective tissue stroma. In some areas the cells assumed lar-e 
proportions, resembling nerve cells (figs. 3, 4 and 5). 

The diagnosis was neurofibroma of the ureter. 

COXCLUSION AND SUMMARY 

Ihis unique case is presented for the following reasons: 1. Primary 
tumors of the ureter are very rare. 2. No tumor of this kind involving 
the ureter has been found reported in the literature. 

Correct preoperative diagnosis of the tumor was made by means of 
a wax-tipped catheter and by a retrograde pyelogram. The erroneous 
impression of a concomitant pelvic tumor was created by the pelvic out- 
line, which showed an irregular mass in the lower portion of the renal 
pelvis. 

This case demonstrates the futility of the present-day tendency 
among many physicians to depend entirely on intravenous pyelography 
for the diagnosis of all pathologic conditions of the urinary tract. 

There was an amazing freedom from symptoms until a short time 
before the operation in spite of the fact that the large tumor had been 
gradually increasing its encroachment on the ureteral lumen, with 

destruction of the kidney parenchyma. 

The success of early operation is apparent. The patient was alive 
and well in January 1934, when last heard from through Dr. Bendetson. 

The general practitioner should be as suspicious of vague mob pic 
conditions as he is of a pathologic condition in the bieast. It is 011 1 
through early diagnosis and treatment that satisfactory results can «■ 

hoped for. 

101 Lafayette Avenue. 



CHOLECYSTOGASTROSTOMY AND HEPATITIS 

an experimental study 

ANTONIO GENTILE, M.D. 

NEWPORT NEWS, YA. 

Increased interest in surgical intervention on the gallbladder has 
resulted in the removal of cholecystogastrostomy from the class of 
serious, much feared and seldom performed operations to that of opera- 
tions which are considered less serious and with which every surgeon has 
had experience. Its wider use has been hindered by a fear that infection 
of the liver may occur as a sequel. Many investigators have tried both 
experimentally and clinically to avoid this and other sequelae. This 
stud}' is an experimental attack on the problem of hepatic infection 
following cholecystogastrostomy from a new point of view. Some light 
is thrown on the general pathologic problem of hepatic infection. 


REVIEtV OF THE LITERATURE 


Experimentally, the gallbladder has been anastomosed to the ali- 
mentary tract at various points of the stomach, duodenum, jejunum 
and colon. Many studies have been made to determine which method 
will yield as nearly a physiologic result as possible and avoid undesir- 
able accompaniments of such a procedure. The first cholecystenter- 
ostomv was done by von Winiwarter 1 of Liege ; it was a short-circuiting 
operation which consisted in joining the gallbladder to the colon in seven 
stages over a period of sixteen months (from 1880-1881). 

Oddi 2 (1S87), in his study of the effect of bile on gastric acidity', 
performed perhaps the first cholecystogastrostomy experimentally, using 
the dog. He came to the conclusion that bile in the stomach before or 
after digestion does not affect the acidity' or diminish the quantity' of 
gastric juices. He observed that bile caused no alterations of the gastric 
content. He prophesied the use of cholecystogastrostomy in certain 
cases of disease of the gallbladder. Dastre 3 (1890), Cannae 4 (1897), 


and Gynecology, University of Virginia 


From the Department of Surgery 
School of Medicine, University. Ya. 

1 von Winiwarter. A.: Ein Fall von Gallenretention bedingt durch Tmper- 
meaulitat dcs Ductus choledochus Anlegung einer Gallenblasen-Darm Fistel. 
licmins. Prac. metl. \\ dm 5 dir. 7:201 and 213, 1SS2. 

-- Oddi. R : Action de la bile sur la digestion gastrique etudiee au tnoven 
-R la ii'tulc colecisto-gastnque. Arch. ital. de biol. 9:138, 18SS 

31? Voo*"’ A ' ' r ' CCllCrd,eS SUr ia bilc ' Arch - physiol, norm, et path. 2: 
r A C:m,w - 1- Dc la choUcystogastrostomie. These de Bordeaux. 1897, 
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drived iT* M E T f ‘ (1929) performed siml " experiments and 
a nved at the same conclusion relation to the gastric content. Beaver 

also found that the emptying time of the stomach following choiecysto- 
gnstrostomy was the same as in the normal dog. Mocquot 1 (1911) 
Wiedemann 8 (1914) and Grey* (1916) performed cholecystogastros- 
tom.es and investigated the effect of bile on gastric digestion. The 
unanimous conclusion was that bile does not affect gastric digestion. 
In view of the newer ideas in regard to the interchange of duodenal 
and gastric content, the presence of bile in the stomach of a normal per- 
son is now accepted, and the discharge of bile into the stomach follow- 
ing cholecystogastrostomy is therefore not regarded as an important 
physiologic distortion. Beaver 0 and Grey 9 studied separately the 
acidity of gastric juice before and after this operation, and both found 
that bile in no way affects the gastric acidity. Bogoras 10 (1925) advo- 
cated the use of cholecystogastrostomy as a means of controlling gastric 
acidity by allowing the bile to flow into the stomach. Following the 
work of Graham 11 * (1918), in which he showed rather conclusively that 
hepatitis is a constant accompaniment of cholecystitis, Gatewood and 
Poppens 12 (1922), Lehman 13 (1924) and Horsley 11 (1927) studied 
the effect on the liver and the biliary tract of cholecystogastrostomy. In 
his experiments Lehman attempted to remove all lymphatic connections 
between the liver and the gallbladder. All of these authors concluded 
that the liver and biliary tract always became infected in the dog follow- 
ing this operation. Weinberg, Wallin and Binger 15 (1927) found 

5. Masse, E. : De la cholecystogastrostomie, Gaz. hebd. d. sc. med. de Bor- 
deaux 19:534, 1898. 

6. Beaver, M. G. : Cholecystogastrostomy : An Experimental Study, Arcii. 
Surg. 18:899 (March) 1929. 

7. Mocquot, Pierre : Anastomose de la vesicule biliaire avec 1 estoniac et 
avec le duodenum, Compt. rend. Soc. de biol. 2:118, 1911. 

8. Wiedemann, H. : Experimented Untersuchungen zur Lebre der cr 
dauung und Resorption verschiedener Nahrungsprodukte bei anormalen a enzu 
fluss in den Verdauungsapparat, Beitr. z. klin. Chir. 74:594, 1914. 

9. Grey, E. G. : An Experimental Study of the Effect of Cholecystogns ros 
tomy on Gastric Acidity, J. Exper. Med. 33:15, 1916. 

10. Bogoras, N. ; Cholecystogastrostomy in Gastric Ulcer; Operative . e 
for Treatment of Gastric Ulcer, Arch. f. klin. Chsr. 134:42, 1925. 

11. Graham. E. A.: Hepatitis: A Constant Accompaniment of Choice*. « 

Surg., Gynec. & Obst. 26:521, 1918. Fxncri- 

12. Gatewood, and Poppens, P. H.: Cholecystenterosiomy from an l.xpe 

mental Standpoint, Surg., Gynec. & Obst. 35:445, 1922. 

13. Lehman, E. P. : Hepatitis, Following Cholecystogastrostomy, 

9 '’ R ( Hots 1^ 2 J. S, Jr.: Experimental Study of Cholecystogastrostomy and 

Cholecystoduodenostomy, South. M. J. 20:669, 1927. ,,, Stomach 

15. Weinberg, J. A.; Wallin, S. P„ and Binger, M. W.r GnUbhddcr-Stonm 

Anastomosis, Surg., Gvnec. & Obst. 44:79a, 1927. 
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hepatic infections invariably in dogs but not in a single monkey after 
cholecystogastrostomy. 

It was not long after Oddi 2 suggested the use of cholecysto- 
gastrostomy in disease of the gallbladder that it was used clinically. 
As early as 1889, Mayo-Robson 16 performed what is now regarded as 
perhaps the first cholecystogastrostomy. However, the first cholecysto- 
gastrostomy with survival of the patient was done for stricture of the 
common bile duct in 1892 by Wickhoff and Angelberger 17 of Vienna, 
who thus furnished the first clinical data as to the tolerance of the 
stomach for bile. About this time Terrier 18 and Bardenheurer,™ at 
the suggestion of Cozi, first used the duodenum in a short-circuiting 
operation to join the gallbladder to the intestinal tract. 

Cholecystogastrostomy was performed by Terrier 1S (1896) , Monod 20 
(1896), Jaboulay 21 (1898) and Montognon and Duchamp 22 (1899) 
with favorable results in cases of tumors of the pancreas. Perrin 23 
(1902) advocated the operation because of its nearness to anatomic 
and physiologic perfection as well as because of its simplicity. Eich- 
meyer 24 (1910) and Kohr 25 (1914) had early favorable experiences 
with the procedure, the latter having up to 1914 performed over sixty- 
operations and published the reports of over one hundred. Jacobson 20 


16. Mayo-Robson, A. W. : A Case of Cholecystenterostomy, Med.-Chir. Tr., 
London 73:61, 1890. 

17. Wickhoff, M., and Angelberger, F.: Cholelithiasis; Obdurater Ductus 
Choledochi(r) Cholecvsto-Gastrostomie, Heilung, Wien. klin. Wchnschr. 6:325, 
1S93. 


18. Terrier, M. : Sur un cas de gastrocystenterostomie, Bull, et mem. Soc. de 
chir. de Paris 22:565, 1896. 

19. Bardenheurer, cited by Moore, C. A.: A Case of Cholecystogastrostomy, 
Brit. M. J. 1:14, 1921. 

20. Monod, M.: Suite de la discussion sur la choledocotomie, Bull, et mem. 
Soc. de chir. de Paris 22:546, 1896. 

21. Jaboulay, M. : La cholccvstogastrostomie pour les tumeurs de la tete du 
pancreas, Lyon med. 89:365, 1S9S. 

22 Montognon and Duchamp: Obstruction neoplastique du choledoque 
abouchement de la vesicule dans l’estomac, Loire med. 8:142, 1899. 

23. Perrin, F. H.: La cholecystogastrostomie dans l’occlusion supposee com- 
Pk-te^t directement irremediable du choledoque, These de Lyon, no. 96, 1902, 

24. Eichmeycr. W.: Beitrage zur Chirurgie des Choledochus und Hepaticus 
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(1914), Erdmann => (1918) and Barr » (1914) held the opinion that 
tins operation produces better results than any other when there is a 
necessity for a biliary short circuit. Jacobson 20 and White 29 (1920) 
icpoited its successful use, with particular emphasis on the absence of 
ascending infection. 

In lecent years cholecystogastrostomy has been recommended for 
conditions other than obstruction of the common bile duct. After using 
it successfully in forty-seven cases, Babcock 30 (1920) advocated it for 
the conti ol of hyperchlorhydria. In cases of small ulcers he anastomosed 
the gallbladder directly into the ulcerated areas instead of excising the 
ulcer or performing a gastro-enterostomy. Babcock 31 (1920-1921) 
and Heyd 32 (1921) expressed a preference for this operation rather 
than anastomosis at any point lower than the duodenum because in the 
case of anastomosis at a higher level there remains the possibility of 
reabsorption of the bile. Deaver 33 (192 5) also favored the operation 
for tins reason. Frenkel 3i found that a decrease of total acidity, espe- 
cially free hydrochloric acid, was a constant result in his twenty-one 
patients with ulcers of the stomach and duodenum whom he treated by 
cholecystogastrostomy and cholecystoduodenostomy. Nazarov 35 (1927) 
obtained satisfactory results with cholecystogastrostomy in cases of 
ulcer of the stomach. He observed in four cases in which he had to do 
a secondary laparotomy that the symptoms cf ulcer recurred coincident 
with constriction of the stoma; he therefore concluded that when a 
cholecystogastrostom}' is performed the stoma should be at least from 
2 to 3 cm. in diameter. (Wangensteen 36 [1928] stated the belief 
that in operations for obstruction of the common duct the chief cause 


27. Erdmann, J. F.r Obstructive (Malignant) Jaundice: Operative Belief by 
Cliolecj'stog'astrostonw, Ann. Surg. 67:273 (March) 193S. 
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1915. 
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35. Nazarov, N. N. : Cholecystogastrostomy for Gastric Ulcer, 

& Tw^elLTa H, Cholangeitis Following Cholecystentcrostomy, Ann. 

Surg. 87:54, 1928. 
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of complications is also a narrowing of the stoma.) Braithwaite a ' 

( 1926) stated that in cases of an inaccessible gastric ulcer or an nicer 
which is too far removed from the pyloric region to be bathed by 
regurgitated duodenal juice cholecystogastrostomv is the operation ot 
choice, with a regulated dietary regimen. Thus he agreed with most 
investigators as to the role of bile in the stomach. DuBose 35 (1924) 
advocated cholecystogastrostomv even in cases of perforated gastric or 
duodenal ulcer, perforation of the gallbladder and obscure or chronic 
intermittent jaundice. He stated that the stoma will not close if it 
is properly made and if the common duct is ligated and divided. 
Parenthetically, it may be remarked that present knowledge of the 
portal and lymphatic connections of the organs of the upper part of 
the abdomen, as pointed out by Sweet, 39 Kodama 40 and others, sug- 
gest an important argument against cholecystogastrostomy as the ) 
treatment for peptic ulcer. If it is true that a low grade infec- 
tion in an organ of the upper part of the abdomen may result in or 
continue a low grade infection in some other organ, then, although 
one may correct chemical abnormalities in the gastric content due to 
disturbance of pyloric function, one at the same time exposes the 
gallbladder to infection, if infection is not already present. The 
secondarily infected gallbladder may thus perpetuate the conditions 
that resulted in the original ulcer for which treatment was instituted. 
These are theoretical considerations, but they must be weighed in accept- 
ing the evidence brought forward earlier. 1 

Although the employment of cholecystogastrostomy in the treatment 
of ulcer is an interesting development, the place of this operation has 
been almost entirely in the treatment of obstruction of the common bile 
duct. The clinical literature on this phase is large and need not be 
reviewed with any completeness. DuBose, 3S White, 29 Heyd, 32 Villard 
and Richer, •" Beaver.® Erdemann and Heyd, 12 Babcock. 30 Muller.' 43 


3 (. Braithwaite. L. R. : Surgical Treatment of Chronic Duodenal and Gastric 
Ucer: Cholecystogastrostomy as the Operation for Inaccessible Gastric Ulcer 
Lancet 1:900. 1926. 

3P . Du Bose, P. G. : Cholecystogastrostomy and Cholecystoduodenostomy. Surg.. 
.>ncc. A Obst. 39:29a, 1924: Cholecystogastrostomy, South. M. J. 22:674. 1927. 
-i9. Sweet. T. E., and Deaver, J. B. : Prepancreatic and Peripancreatic Disease 
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42 Krdemann. J. F.. and Heyd. C. G.: Relief of Chronic 
1 aUtative Oik- ration. Am. j. M. Sc. 152-174 1916 

4-L Muller . C , P .: Cholecyst-Duodenostomy. ' Ann. ' Surg. 
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'a tcrs. i\Iayo.' , -‘ Moore, 40 Ralphs, 47 Downes, 48 Stretton, 49 McNealy 50 
i Ivird)’ •" and Wanberg, Wallin and Binger 15 reported favorable clini- 
cal experiences. ^ I he types of lesion for which these operations have 
been performed include carcinoma of the head of the pancreas carci- 
noma of the common duct and the papilla of Vater, chronic pancreatitis 
w ith obstruction and obstruction due to anomalies and stricture. Many 
oi these authois emphasized the ease of technical performance, the lack 
ot digestive disturbance and the low mortality. Horsley, 14 on the other 
hand, reserved cholecystogastrostomy for use as a last resort. 

T he rationale of cholecystogastrostomy in this connection hardly 
needs comment. 1 he relief of progressive obstructive jaundice asso- 
ciated with these conditions is of itself a desideratum. The operation 
prevents progressive hepatic damage from back pressure with an early 


onset of so-called cholemia. It removes the distressing itching of the 
jaundiced patient and ordinarily improves the appetite and produces a 
sense of well-being. It may convert a bedridden, emaciated, somnolent 
or otherwise distressed person into one who may go about and attend 
to his affairs. In cases of a disease which in itself is not destructive, 
such as chronic pancreatitis, a clinical cure may result. In cases of 
malignant disease the operation is only palliative. In the latter type of 
case, in which the patient often presents a poor risk, the technical sim- 
plicity of the operation recommends it. In cases of stricture of the com- 
mon bile duct the gallbladder is rarely available because of previous 
inflammation. If it is available, this operation is to be preferred to 
hepaticoduodenostomy or implantation of an external fistula because of 
its relative!}' low mortality and its simplicity. 

In addition to the uses already mentioned, DuBose 3S proposed the 
employment of cholecystogastrostomy instead of cholecystectom) o: 
cholecystostomy in cases of cholecystitis or cholangeitis not due to cal 
culi. This proposition has not been at all widely approved, as it carries 
with it the fundamental disadvantage that makes cholecystostomy unc c 
sirable in the treatment of these conditions, namely, the saving o tie 


\/44, Walters, W.: Cholecystogastrostomy, Surg., Gynec. & Obst. 42:825, 1926. 

45. Mayo, C. H. : Jaundice and Its Surgical Significance, Surg., Gynec. tv 

>bst 30:545, 1920. . _ im 

46. Moore, C. A. : A Case of Cholecystogastrostomy, Brit. M. J. ■ ■ ~ ■ 

, 47. Ralphs, G.: The Operation of Cholecystogastrostomy, Brit. M. J. •' - 

48. Downes, W. A.: Chronic Obstructive Jaundice: A Report of Swc Case, 
reated by Cholecystogastrostomy, Tr. South. S. 35:342, 1922 

49. Stretton, J. L.: Cholecystogastrostomy, Brit. M. J. - • 
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51. Murdy, R. L. : Indications for Cholecystenterostomy. Journai-nance • 
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gallbladder, in the wall of which infection lurks. The same may be said 
of DuBose’s 39 proposal to employ cholecystogastrostomj m the tea 
ment of more acute conditions, such as perforation of the gallbladder. 

In confirmation of these objections one may refer to Dearer s state- 
ments that an infected gallbladder never entirely recovers pathologically 
and bacteriologically, and that a gallbladder that recovers from infec- 
tion and one that has been the seat of stones invite further infection 
and the formation of more stones. Illingsworth 52 found bacteria in 
the walls of gallbladders even in cases in which the bile was found to be 
sterile. The successful use of this operation in such conditions is not 
recorded in the literature except by DuBose. 3S 

On the basis of evidence, both clinical and experimental, brought 
forward in the literature and of theoretical considerations already pre- 
sented, it seems obvious that the present value of cholecystogastrostomy 
is in the treatment of obstructions of the common duct by the lesions 
mentioned. This operation should take the place of cholecystostomy only 
in this type of disease and not in the acute type of disease of the gall- 
bladder for which cholecystostomy is now occasionally performed. It 
does not seem probable that future experience will suggest its use 
instead of cholecystectomy for cholecystitis of any type. It must be 
considered that, in spite of the theoretical disadvantages outlined, the 
use of cholecystogastrostomy in the treatment of peptic ulcer may be 
justified with further experience. In cases in which there is a choice 
of cholecystogastrostomy and external drainage, cholecystogastrostomy 
is usually to be preferred. 

So far the discussion has been limited to questions concerning the 
value of the method in obstruction of the common duct, irrespective of 
possible disadvantages. It is obvious that a gallbladder that is the seat 
of acute cholecystitis, gangrene, hydrops, thickening and contraction 
or a malignant condition is not suitable for the operation. In the entirely 
favorable case the question of what physiologic and pathologic distur- 
bances may follow has not yet been settled. All of the evidence so far 
points to the fact that the gastric function is not disturbed by the dis- 
charge of bile into the lumen of the stomach. It is even suggested that 
a disturbance of gastric function may be corrected in this manner. The 
point at issue is rather whether or not hepatitis and cholangeitis can occur 
wuh such frequency and severity as to be a major disadvantage in the 

«*L 0t tllc operahon. The purpose of the present paper is to throw 
light on tins particular phase of the problem. 

Will, the exception of the study of Weinberg. Wallin and Binger" 
""" Uw y Ga S' ” which there was observed only a slight 
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to moderate increase in pathologic findings over the corresponding 
not m,tl livers, all of the experimental attacks on this problem have 
shown a tremendous degree of hepatic infection as a result of the oper- 
ation. In every case dogs were employed. These animals, of course, 
uve a rich bacterial flora in the stomach which is not present in the 
human stomach. This renders comparison between the dog and the 
human being fallacious. Although Weinberg, Wallin and Binger 15 
obtained the same results in the dog, they found that in a single monkey 
hepatic infection did not occur. They made no reference, however, to 
the hacteriologic characteristics of the monkey’s stomach. 

I he clinical literature on cholecystogastrostomy is marked by the 
fear of this complication. Whether this state of mind has arisen from 
the aforementioned experimental evidence or whether it has come from 
actual clinical experience with the occurrence of hepatitis and cholan- 
geitis following cholecystogastrostomy is not clear from a reading of 
the literature. One fact stands out. Although the majority of authors 
mention the danger, there is a striking paucity of reports showing the 
incidence of the complication. Nazarov 35 performed secondary lapar- 
otomy in four cases in which he had previously performed cholecysto- 
gastrostomy for gastric ulcers, but in his report he did not mention the 
condition of the liver. All of these reoperations were performed for 
the recurrence of symptoms of ulcer. In the reports of five cases in 
which he performed a secondary operation, from eight months to five 
and one-half years after cholecystogastrostomy, Steel 54 stated that the 
livers were normal to palpation and inspection. No microscopic sections 
were made. All of Steel’s cholecystogastrostomies were performed foi 
obstruction of the common duct. The secondaty laparotomies were pci - 
formed for the recurrence of symptoms, acute appendicitis, pyloric 
obstruction, incarcerated hernia and epigastric distress. DuBose did 
not make a microscopic study of the liver in the case in which he per 
formed an operation secondary to cholecystogastrostomy. A thoroug i 
search of the literature has not revealed one report of a case in w uc i 
the presence of hepatitis or cholangeitis following cholecj stogastrostonn 
definitely substantiated by a microscopicopathologic study of sections 


was 


of the liver removed at operation or at necropsy. 


It is still more 


amazing that no cases have been found in which there was a presumpti 

clinical diagnosis of these sequelae. _ , 

In making this statement it is well to differentiate between c io 
cystogastrostomy and cholecystenterostomy, a distinction wuci somi 
authors do not clearly make. There are some references to c intc.i 
cases of hepatic infection following the latter operation. * or examp 

54. Steel, W. A.: Internal Drainage of Gallbladder as a Routine Opernthr 
Proeedure, Surg., G.vnee. & Obst. 44:393, 1927. 
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Wangensteen 30 cited two cases reported by Kausch - m which chole- 
cvsto j e j unostomy was performed for obstructive jaundice and carcinoma 
of the head of the pancreas. In each of these cases at necropsr sup- 
purative cholangeitis was revealed as the cause of death Gatewood 
and Lawton SG reported a case of clinical infection m which at autopsy 
cholangeitis, hepatitis and cirrhosis were found, but they did not state 

what type of operation was performed. 

Except for the mention by Strauss in a discussion of Judd’s paper 
read before the American Medical Association, no reference has been 
made in the reports of these cases of infection of the biliary tract to 
the possible presence of the infection before the operation was per- 
formed. However, it is safer in this discussion to assume that such 
infection is the result of operation rather than to attempt to explain it 
on the basis of a preexisting infection. Yet in any single instance one 
cannot say that previously present infection may not have been 
responsible. 

It is not wise to assume from this evidence, even if all of the reports 
had been uncovered in this search of the literature, that cholecystogas- 
trostomv has not been incriminated. On the other hand, in relation to 
the number of operations of all types which have been performed, the 
incidence of hepatic infection in the cases reported is unquestionably 
low. Judd 07 said that "infection is not as apparent clinically as might 
be expected from a study of gallbladders and livers of experimental 
animals after the operation.” In turn Wangensteen 3C said : “The com- 
plication of cholangeitis in patients following cholecystenterostomy has 
only infrequently been observed. Those tvho have had a considerable 
experience with the method uniformly agree that the danger of subse- 
quent infection is slight.” To judge from the literature, Wangensteen’s': 
second sentence is not entirely justified in that a majority of authors' 
refer to infection as a disadvantage to the operation. One wonders.! 
therefore, whether this generally felt fear may not be another of those I 
curious medical traditions that live from textbook to textbook with little 
justification for their origin. 

The present series of experiments was based on an attempt to per- 
torm cholecystogastrostomy under conditions in experimental animals 
simulating those m the human being and thus to obtain results which 
can he used comparatively with greater sat eh-. The crux of the exoeri- 
mental meth od was the performance of the operation bv the anastomosis 
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of the dog’s gallbladder with its stomach , . 

s— 



Fig- 1- — Sketches of the operative procedures: /], the normal relationships in 
the dog; B, the first stage operation of gastric division and gastrojejunostomy, 
showing the formation of the gastric pouch, and C, the second stage operation of 
choiecystogastrostomy, the previously prepared gastric pouch being used. 

METHOD 

In the following experiments forty dogs were used without selection as to 
weight, sex or breed. The dogs were fed the routine laboratory maintenance diet, 
which consisted of purina chow, meat scraps and oatmeal mash. Food was with- 
held from the animals for twelve hours before each operation. For thirty-two 
dogs the anesthetic used was sodium amvtal, 0.05 Gm. per kilogram of body 

5S. Monprofit, A. : On Cholecystenterostomy in the Form of a \ , Frit. 
M. J. 2:991, 1908. 

59. Cholin, N. K. : Zur Tecknik der Cholecvstoenterostomic, abstr., Zentrnlbl 
f. chir. 3 6:1769, 1909. 
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weight in a 10 per cent solution. This was administered in all instances intra- 
peritoneally. In all except a few animals the anesthesia was satisfactory, in 
three of the thirty-two animals ether was necessary to secure proper relaxation. 
Three animals failed to recover from the anesthesia. Death was attributed to 
a possible error in the dosage. Eight dogs were given only ether. 

All of the following operative procedures were performed under strictly aseptic 
precautions. The clean-shaven abdomen of the animal was washed with soap and 
water and then with iodine, 3 per cent, and alcohol, 95 per cent, as a preparation 
of the operative field. The abdominal closure was effected in all instances as 
follows : Linen thread was used for the peritoneum, no. 1 chromic catgut for the 
fascia, and linen thread for the skin. 

The procedures may be divided into two groups : control and experimental. In 
the control groups the effects on the liver of all of the elements in the experi- 
mental operations were studied by the performance of each operation separately 
in different animals. The results of the control part of the study have proved 
extremely interesting in themselves and present certain evidence throwing light 
on the general subject of infections of the upper part of the abdomen. 


CONTROL STUDIES 


The several control procedures, with the results obtained, were as 
follows : 

Ligation and Division of the Common Bile Duct . — The abdomen 
was entered through a high midline incision. The common bile duct was 
dissected free and ligated in three places with no. 1 chromic catgut, 
about 1 cm. proximal to the point at which it enters the duodenum. 
Care was taken that the ligatures were below the entrance of the left 
hepatic duct. The duct was then divided between the two distal ligatures 
so that the proximal stump would be doubly ligated. The abdomen was 
closed in layers. 

Three dogs were used. The animals showed clinical evidence of 
jaundice and died from the tenth to the thirteenth day after operation 
from bile peritonitis, resulting from rupture of the common bile duct 
or of the gallbladder. In dog 60 exploration was made on the thirteenth 
postoperative day, and a distended, grayish gallbladder containing 125 
cc. of dark green, viscid bile was found. The liver in each animal was 
enlarged and deeply bile-stained. Microscopically, the liver showed 

jaundice with marked acute hepatitis and degeneration of the hepatic 
cells. 1 


. S "”/ ,r Cholecyst ogastrostomy. The abdomen was opened by means 
mKll,ne i,lcision - The gallbladder was aspirated of 'its bile 
o. which a culture was made. The gastrohepatic ligament was ligated 
and d.vKled carefully so as to allow the stomach to be pulled up The 
gadder was anastomosed to the stomach in the distal third region. 

tn A . C ’”- above thc b- v,oric r >'”S »ear the lesser curvature The 
suture method ot anastomosis was employed, two rows of no 00 
rh.nuuc catgut or. in a few instances, fine silk being used No clamps 
were used. An attempt was made to have a resultant stoma of from f 
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to 2 cm in diameter. A small section of liver was removed for cul- 
tuic, and a microscopic examination was made whenever a cholecysto- 
gasti ostomy was performed. The abdomen was then closed. 

-three dogs were used. Exploration was made at various periods 
after operation, from the eighty-sixth to the one hundred and eighty- 
ninth day. In each animal the liver and gallbladder revealed gross 
pathologic changes. The stoma was patent, and the common duct was 
somewhat dilated. No particles of food were found in the gallbladder. 
Microscopic examination of the liver showed a slight infiltration with 
round cells throughout, with some fibrosis about the portal system and 
central veins. 

Combination of C ] i ole cyst ogast r ostomy and Ligation and Division 
of the Common Duct. — Cholecy’stogastrostorrry and ligation and division 
of the common duct were performed on three dogs after the technic 
described earlier. Exploration was made on the twelfth and the two 
hundred and eighth day after operation. On each animal the gall- 
bladder was gray and somewhat dilated, as was the common duct. The 
stoma was patent. The liver macroscopicall) r showed signs of fibrosis. 
Microscopic study of the liver revealed marked acute hepatitis, acute 
and chronic cholangeitis and slight portal cirrhosis. These findings 
simply repeat the observations of Gatewood and Poppens, 12 Lehman, 13 
Horsley 14 and others. They represent experimental results on which 
the idea of the importance of hepatic infections following cholecysfo- 
gastrostomy has been founded. 

Gastric Division with a Polya-Balfour Anastomosis . — The abdomen 
was opened by means of a high midline incision. The gastric vessels 
and the greater and lesser omentum were ligated and divided in the 
region of the distal third of the stomach. The stomach was then cut 
across between rubber-covered clamps. The distal third of the stomach 
was closed with two rows of no. 00 chromic catgut. The proximal 
portion of the stomach was anastomosed to the jejunum from 10 to la 
cm. from the duodenum, the Polya-Balfour technic being used. Two 
rows of no. 00 chromic catgut or fine silk were used. The abdomen 
was then closed (fig. IB). 

Twenty-five dogs were used. Exploration was made between tic 
fourteenth and the ninety-fourth day after operation. In each anima 
the gallbladder appeared to be normal, and an average of 33 cc. o hi e 
was aspirated. Cultures of the bile showed Staphylococcus alhiis or 
Bacillus coli-communis. Negative cultures were obtained in 40 per 
cent. The liver appeared to be normal. Cultures of the liver re\cao 
no organisms in 45 per cent of the clogs. The organism in the remain 
ing cultures w r ere Staph, alb us, B. coli and. in one instance, trepto 
coccus haemolyticus. In cultures from the lumen of the closed < tsU 
stump Staph, albus and Staphylococcus aureus were most frequent \ 
found. B. coli-communis evas also frequently recovered, as was Laci u> 
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aerogenes. Two cultures revealed bacilli of the Salmonella group, and 
two revealed no organisms. Microscopic examination of the liver showed 
in every instance a slight to marked infiltration with round cells and 
polymorphonuclears and fibrosis (figs. 2 and 3). These changes were 
most marked in the region of the central veins and portal system. In 
almost every liver there was fatty degeneration of the parenchyma, and 
the hepatic lobules were not distinct. 

Cholecystostomy . — The abdomen was entered through a high mid- 
line incision. The gallbladder was exposed, and the bile was aspirated. 
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Fig. 3. — Higli power photomicrograph of the section shown in fig. 2. 


the parenchyma. The infiltration with polymorphonuclears and round 
cells was most marked in the vicinity of the portal systems. 

Cholccystogastrostowy — Modified Technic . — This method was an 
unsuccessful attempt to perform cholecystogastrostomy on the principle 
of the ureteral transplantation recently reported by Coffey. 00 It has no 
direct bearing on the experiments to follow. 

60. Coffey, R. C. : Production of Aseptic Uretero-Enterostomy by Suture 
Transfixing Ureteral Wall and Intestinal Mucosa, J. A. M. A. 94. cay 
31) 1930. 
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The abdomen was opened through a high midline incision. The 
"astrohepatic ligament was ligated and divided, and the stomach brought 
forward. An incision of about 3 inches (7.6 cm.) in length, which cut 
through the serosal and muscular coats, was made m the distal anterior 
third of the stomach. The gallbladder was pulled downward by means of 
a suture transfixing the serosal layer in the region of the fundus, the 
gallbladder was anchored to the stomach by means of this suture. A 
silk suture was taken between the stomach and the gallbladder, pene- 
trating into the lumen of each. This suture was tied tight. The gall- 
bladder was embedded in the wall of the stomach by suturing the 
muscular and serosal layers over it. The common bile duct was then 
dissected free and ligated as previously described. The abdomen was 
closed. 

Four dogs were used. Exploration was made on from the seven- 
teenth to the twenty-sixth day after operation. In no instance when 
the stomach was opened, was a stoma observed between the gallbladder 
and the stomach. The gallbladders of these dogs were markedly dis- 
tended ; they were dark green but free from adhesions. .Macroscopically 
and microscopically, the livers revealed the pathologic pictures seen in 
cases of simple ligation and division of the common duct. One inter- 
esting fact was noted. In each dog the portion of the gallbladder 
embedded in the wall of the stomach had shrunk until it resembled a 
tube. The gastric mucosa over this region was slightly thickened. 

In general, the results of the control procedures bring out the fact 
that all of the operations performed resulted in inflammatory changes in 
the liver. The changes followed not only the operations on the biliary 
tract but those limited to the stomach and the jejunum. The presence of 
this hepatitis will be further emphasized in the discussion of the results 
of the experimental procedures. 

In addition, the occurrence of hepatitis following an operation on 
the stomach presents striking experimental evidence confirming the 
intimate pathologic association of the liver with the digestive tract. 
(Iraham ri found similar hepatitis in three cases of appendicitis; its 
"ccurrence with cholecystitis is universal. Although again one must be 
cautious m comparing the dog with the human being, there arises the 
ijuestwm as to whether inflammatory disease of the stomach and opera- 
tions on the stomach in the human being may not result as constantly 
m hepatitis as cholecystitis has been shown to. A series of biopsies 
1 '"V 51 "’"'™* Hvcr gastric resection for nonmftm- 
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laparotomy under these circumstances. However, a senes ot ip. ic- 
on the liver in cases of peptic ulcer m which the gallbladder is noinu! 
would be easier to obtain and might throw light on this subject. 


EXPERIMENTAL STUDIES 

The results of bacteriologic study will be discussed in the following 


paragraphs. 

First Stage Operations. — Twenty-five dogs were first subjected to 
gastric division with a Polya-Balfour anastomosis. These were the ani- 
mals studied in the control group before the second stage procedure. 

Second Stage Operations— At varying intervals of from fourteen 
to ninety-four days (table) a cholecystogastrostomy, the closed distal 
stump of the stomach being employed, with ligation and division of the 
common duct was performed on each animal (fig. 1 C). It was hoped 
by these means to unite the lumen of the gallbladder with the lumen of 
the stomach after the latter had had time to free itself from bacteria. 
At this operation a biopsy specimen of the liver was obtained, and cul- 


tures were taken from the liver tissue, the bile and the mucosa of the 
closed gastric stump, as detailed in the description of the primary pro- 
cedure. As will be remembered, in all except two instances, the pouch 
was not free from bacteria, but the contamination was relatively slight 
as compared with the normal stomach of the dog. both as to the number 
and particularly as to the variety of the organisms (fig. 4). At the 
time of the second stage most of the dogs showed a gain in weight or 
maintained the weight recorded at the time of the first operation. 

It was planned to complete the study of the experimental animals 
by a third operation, at which exploration was to be carried out and a 
specimen from the liver obtained to observe the changes in the liver 
about three months after the second stage. 

Of the original twenty-five dogs, twelve died before this exploratory 
laparotomy (dogs 19, 43, 46, 49, 56, 57, 63, 65, 171, 176, 181 and 182). 
Dog 65 died apparently of the anesthetic at the time of the second stage 
operation. Dogs 43, 46, 49 and 181 died of perforated jejunal ulcers 
thirty-two, nineteen, eighty-five and forty-eight days, respectively fol- 
lowing cholecystogastrostomy. Dog 63 died of bile peritonitis.' ’ Dog 
1/1 died of acute inanition (no other cause of death was found). Do* 
19 died nine days after cholecystogastrostomy of bile peritonitis due 
to rupture of the gallbladder. Dogs 56 and 57 died of intestinal obstruc- 
tion resulting from adhesions three and twenty-one davs, respectively 
following cholecystogastrostomy. Dog 182 was the onl'v one to die of 
hepatic infection. There were eleven deaths occurring at exploratory 
laparotomy. Dogs 30 and 172 died of perforated jejunal ulcer,. Dogs 
40 and 64 died of intussusception. Dogs 173 and 28 died of acute 
dilatation of the stomach. Dog 33 died of acute pancreatitis. Do- 3S 
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Fig. 4. — Photographs of plate cultures from the closed gastric pouch and func- 
tioning stomach of dog 33. Plates B are on Endo’s medium; plates A are on 
blood agar. Plates 1 are from the closed pouch ; plates 2 are from the function- 
ing stomach. These plates demonstrate the absence of colon bacilli in the closed 
pouch and a relatively slight contamination with staphylococci as compared to 
the functioning stomach. 


1S1, which died of perforated jejunal ulcers, were obtained before post- 
mortem changes disturbed the pathologic picture, as were the livers of 
dog 19, which died of bile peritonitis, dogs 56, 57 and 176, which died 
of intestinal obstruction, dog 171, which died of acute inanition, dog 
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65. which died of the anesthetic, and dog 182. which died of abscess of 
the liver. Thus a total of twenty-three dogs were available for study 
of the effects on the liver of the experimental procedure. 

At the exploratory operations there were found remarkably few 
adhesions and no marked gross pathologic changes in the gallbladder 
and liver (fig. 5). The absence of gross cholecystitis was a uniformly 
striking finding in comparison with the marked cholecystitis found after 
the usual type of experimental cholecyst ogastrostomy. Microscopic 
studies of the livers revealed in most instances a slight infiltration with 
polymorphonuclears and round cells and slight fibrosis, especially about 



the portal system and central veins (figs 6 and 71 Tt i 
'vere not distinct, and these was an Le„„ 0 lin '/ ^ lobutei 

changes seemed to be slightly nmw , . - de S e neration. These 

right lobes of the liver § than in tho^f^ ^ sections from the 
sections, when compared with sections'Vo^V' 16 ^ . IobeS ’ These 
at intervals following the first stage ^olva bIh G IUerS removed 
no more-perhaps less-infiltration and fil anastomosis > showed 
must be strongly emphasized. A uction .ST* f This comparison 
T only one to shot,- a [rank , '" er from d °£ 182 tva s 

nlKeesses. Cnltnres 0 ( the livers A??'* ,"’ lth f °™ation of 

ereakd B. coh-communi S) Staph 





I'itr. <>. — I.ow power photomicrograph of a section of the liver removed three 
months following the second stage operation. Compare with figure 2. No increase 
in the he|*ntitis is seen. 
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Fig. 8. — Photograph of the stomach of a dog which died of perforation of 
a gastrojejunal ulcer. The site and appearance are entirely characteristic. 


M<a nr ns on surgery 


mi 


Sl ' v ! ,|,H ' n<T " ! ' noiifiat-molyticns and Bacillus Wdchii. Twenty- 
Jnr per rent <#t the ntlitir es revealed no organisms. 

*1 ’• s that dogs 43 and 46, which died of peritonitis result- 

S Dorn a ruptured nicer before the exploratory operation, showed 
no inure marked hepatitis than that found in the thirteen dogs from 
whit*!* specimens of liver were obtained at operation. On the other hand, 
the sections ,,i liver obtained from dog 30 following death from per- 
l oration of a jejunal ulcer showed a much more acute picture of 
hepatitis than did sections ot the same liver removed at operation ninetv- 
li\e days previously, hurthermorc, the livers of flog 19 (peritonitis) 
and dogs 50, 57 and 1/6 (obstruction), also obtained post mortem 
before exploratory laparotomy, showed no increase in hepatitis over 
that si town at the time of operation, respectively nine, three, twenty-one 
and thirty-three days previously, 

I he pathologic characteristics of the jejunal ulcers, from the per- 
foration of which six animals died, is entirely similar to that of the 
so-called gastrojejmial nicer found in man following gastrojejunostomy. 
The ulcers varied in number from one to four. The} - were invariably 
located in the jejunum opposite the open end of the stomach, toward 
which the food current is projected by gastric peristalsis (figs. 8 and 9). 


COMMENT 

At the initiation of this study it was assumed that the blind pouch 
of the dog’s stomach would become relatively free from organisms and 
that an anastomosis with the gallbladder in this location would there- 
fore more nearly simulate the conditions found in man. As has been 
shown earlier, the pouch still contains a considerable mimhei of organ 
isms even three months after isolation , although the number a as fewer 
than that obtained in the normal clog’s stomach. The truth o tvs 
assumption was tested by comparative cultures from the stomaci an 
the closed pouch of tire same animal (fig. 4). The importance o 
deviation from the expected results becomes small in view o tie o 
findings reported. It is also to be noted that bacteria were o ten rec 
ered from the hepatic tissue and the bile in dogs that wer e appaien 
normal and on which no operation had been performed. 

The striking fact is that thirteen clogs on which an expotao 
operation was performed from one to three months aftei c io e ) 
gastrostomy under the given conditions and ten dogs ch ing at s 1 
intervals after the same operation showed no increase of ie P a IC 111 
matron over that found at the time of a cholecystogastrostomj 
followed an operation on the stomach. The degiee of lepati ^ 
in three control animals in which simple cholecystogastrostom} 
ligation and division of the common duct was performed accor i & 

o 
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the usual experimental technic agrees materially with that reported by 
earlier experimenters. Of more importance is the fact that this degree 
of hepatitis is unmistakably greater than that found in the experi- 
mental animals. In other words, under one set of conditions, cbole- 
evstogastrostomy results in no augmentation of hepatitis already present, 
whereas under another set of conditions cholccystogastrostomy results 
in a marked development of hepatitis in a previously normal liver. 
These facts, of course, indicate clearly that the union of the ixalihlacider 



hepatic^infectiom '^Tl^TOnditkms 13 ^ * tlv^^ f'f ^ marked 

planned to minimize the exposure of the -allbladder to^T^ ^ 
and the pathologic results surest contamination, 

matter what ^ ^mplished no 

conjunction with the paucitv of recorded snecifi ° bserVat, ° ns taken 
infection following cholecvstogastrostomv i„ ni T ^ h£patic 
that the - *■ — - -*-*2 
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:• . ... ,• . ,l ‘‘" evidence 

’ ’ >!:tr ' f '’ r: ng cholrcvstogas- 

. r , oppj.fd (o 

, __ _ ' _ ", ’’ r 'd "’f i:n-:i*nl v.orr.', if mtiiis 

. , ( ‘ v,;).' f * v un'il this work list*. 

,, . ' 1 v :r ! '' ri '' r of animals. 

1 1 ' < h 'l.-r^fo;',Tsfro,foftiv 

• •• • ; t ■■■;■>; !:••?(■ 

’ >■»!'• ' •>*>!• in*;- that there is 

i.;;: o < •' for {!!•• purpose tit" .sflort- 

> lt; ' ' ' * " * ' 1 • ' -‘t f'V ?•!-;:.-*• st'ttti-. tn point to 

'' ! ' r " r 1 ri > -Vitrn . As has said, 

! :*.'! /•.>. mg f i ; » <! t ■ - o v ■< t ' / tra > t ro> - 

:: •'’ • .‘•■i f mi; chi I'riystcntcm.-tomy. 

' f . » .i •!:::• from til-'- statements flint tlO 

r : • •' 1 / > * : ? y oop-rtton to cholecystogas- 

l ‘ ‘ : *’: • {«•.' Ni'a*t of jejuna! ulcers in this 

'I- • 7 f:-- expo -tire of the jejunum 

’ ’ " ■■ 1 K ■ t .ri : ;rr: t t»-, { at the time of tilt- Polya* 

■’ : 'h ■ if r-.t it is h;ir<! to imagine how the 

'>r I f -fjiirtr through the pylorus following cliolc- 

/-• f -f d- r.y .-;,!> v different front the delivery of 
' t.': r- >.f Vater pretmtis to that ojieratJOJi, so tar 

. . r*. . , ;. ..... .f frftit;:>! ntttt'o-a )•> concerned. In other 

t • :? <• ti’dtf'-fy tii.it the ehofsvy stooastro'tomy itself has anything 
.?■• </ > fn>- »» i , .»}rre/: v of the uhrr>, in >jiite of this time relation- 

I io- quantitative relationships of the bacteria found in the closed 
•tuuuf. ..f tiie stoui.n'/r l Kite been mentioned, and the relationship of 
*h >-•>*■ fin-htnfs to t If rai exfierimetital problem has been discussed. 

word or tuo mat be said about the qualitative bacterial findings. 
From a study of cultures taken from the liver and bile there was found 
t/o relationship between the type of organism and the degree or char 
actor of the hepatitis. .Vo organisms were recovered from three Iners 
that showed definite hepatitis, and organisms were on several occasions 
recovered from a liver that showed no hepatitis. 


coxcr.rsioss 

A study of the literature of cholecvstogastrostomv has shown a feai 
of hepatic infection as a sequel to the operation, without confirmatory 
evidence in the form of clinical, operative or postmortem reports o 


cases. 
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The results of previous experimental attacks on the problem con- 
firm this fear. These, however, arc subject to serious criticism in then- 
application to the human being. 

By creating a gastric pouch separated from the current of food, 
cholecystogastrostomy can be performed on the dog under conditions 
more nearly comparable bacteriologicallv with those under which the 
operation is performed in the human being. 

In twenty-five dogs the performance of the preliminary operation on 
the stomach resulted in hepatitis. This pathologic change is less in 
degree than that resulting from the ordinary experimental performance 
of cholecystogastrostomy. 

In twenty -two dogs on which cholecystogastrostomy was performed 
in a gastric pouch closed at the upper end the hepatitis found at various 
periods after the second stage operation was no greater in degree than 
that found following the preliminary operation. 

The evidence presented, therefore, tends to discredit the common 
opinion among surgeons that hepatic infection is a dangerous sequel 
to cholecystogastrostomy. 
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series of experiments removes the only plausible experimental evidence 
supporting the sequence of hepatic infection following eholecvstogus. 
trostomy. 

In view of the fact that these conclusions are somewhat opposed to 
general suigical thought and to previous experimental work, it seems 
wise to reserve a final opinion as to their validity until this work has 
been repeated in other laboratories and with larger numbers of animals. 
The work of Weinberg and his collaborators on cholecvstogastrostoim 
in a monkey may be mentioned again here. 

If these results are substantiated, it becomes obvious that there i> 
no need to devise any other clinical operation for the purpose of short- 
circuiting the biliar}" system. The historical evidence seems to point to 
this operation in preference to cholecystenterostomy. As lias been said, 
no reports of infection have been found following choieseystogastros- 
tomy, whereas several have been found following cholecysteniernstomy. 
Let me repeat that it is not wise to assume from these statements that no 
such instances have occurred. The only objection to dmlrcystogas- 
trostomy so far advanced is removed. 

It is to be noted that the six perforations of jejunal ulcers in tltv 


series occurred after the second stage. The exposure of the jejunum 
to unmodified gastric contents originated at the time ot the i’ohn- 
Balfour anastomosis (first stage). It is hard to imagine how the 
delivery of bile into the duodenum through the pylorus following eholr- 


cystogastrostomy can he physiologically different from the deliver' "> 
bile through the ampulla of Vater previous to that ojieration. -.> tor 
as the chemical protection of the jejunal mucosa is concerned. In 11 r 
words, it is unlikely that the cholecystognstrostomy itself has amil'me 
to do with the occurrence of the ulcers, in spite of this time r ' 


ship. , , 

The quantitative relationships of the bacteria found in th 1 
stump of the stomach have been mentioned, and the u lutes, m; 
these findings to the general experimental problem ha s 1 ^ ( ^ 

A word or two may lie said about the qualitative built rn ( 

From a studv of cultures taken from the liver and bile tin r* Ul 1 


no relationship between the type of organism and the d< ..r* ■ ^ 

acter of the hepatitis. No organisms were recovered Lon, u 
that showed definite hepatitis, ami organisms were on r.u < 


recovered from a liver that showed no hepatitis. 


co.vrr.rsioxs 


A study of the literature of choIecv'toga-tr'--!oms i 1 
of hepatic infection as a sequel to the op'-ratton. v. i 
evidence in the form of clinical. ojx-rntue <<r 




GENTILE~CHOLECYSTOG.-lSTROSTO.yy ,1X1) HE!’ AT IT IS 475 

The results of previous experimental attacks on the problem con- 
firm this fear. These, however, are subject to serious criticism in then- 
application to the human being. 

By creating a gastric pouch separated from the current of food, 
cholecvstogastrostomy can be performed on the dog under conditions 
more nearly comparable bacteriologically with those under which the 
operation is performed in the human being. 

In twenty-five dogs the performance of the preliminary operation on 
the stomach resulted in hepatitis. This pathologic change is less in 
degree than that resulting from the ordinary experimental performance 
of cholecystogastrostomy. 

In twenty-two dogs on which cholecystogastrostomy was performed 
in a gastric pouch closed at the upper end the hepatitis found at various 
periods after the second stage operation was no greater in degree than 
that found following the preliminary operation. 

The evidence presented, therefore, tends to discredit the common 
opinion among surgeons that hepatic infection is a dangerous sequel 
to cholecystogastrostomy. 
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CINCINNATI 

In 1819 Laennec 1 published the first authentic report of a case of 
pulmonary gangrene. Subsequently, cases were noted by Leyden and 
Jnfie - (1866), who first noted the presence of spirochetes and other 
bacteria in the sputum and gangrenous tissue of patients suffering from 
this disease. Ihe work of Rona s (1905) and especially that of 
Castellani 4 in 1906 attracted the attention of the medical profession to 
the possible etiologic relationship of the spirochetes to bronchopulmonary 
lesions. For the next decade heated controversies were waged, espe- 
cially in France, with regard to the role played by the various anaerobes 
in pulmonary suppuration. A voluminous literature was evolved, tilled 
with hypotheses but surprisingly lacking in experimental and clinical 
data. 

CONCEPTS OF ETIOLOGY IN THE LITERATURE 

In 1919 Heuer and Holman 5 made the first attempt to produce a 
pulmonary abscess by placing infected bullets in pulmonary tissue. 
Following numerous attempts one small abscess was produced. 
Aschner 0 in 1922 referred to numerous unsuccessful attempts to pro- 
duce an abscess of the lung by the introduction of infected material 
into the bronchial tree. Fetterolf and Fox 7 in 1923 were the first 

From the Department of Surgery of the College of Medicine of the Lni- 
versity of Cincinnati and of the Cincinnati General Hospital. _ 
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IU suggest the possible etiologic relationship of septic emboli when they 
succeeded in producing definite pulmonary abscesses by the injection <>S 
bits of tonsillar tissue into the jugular vein. In the same year K me 
and Blankenhorn s produced pleuropulmonary gangrene in one ralihit 
by the intrabronchial injection of material from a carious tooth. 
Lambert and Miller s in 1924 injected a mixed culture of pure anaerobes 
intravenously into rabbits and after many failures produced one abscess 
of the lung, which occurred subsequent to the development of suppura- 
tive thrombophlebitis at the point of the injection. In 1925 Ribierre 
and Kermorgant 10 reported the production of hemorragic bronchitis by 
the intrabronchial injection of a culture of spirochetes. In 1 926 Cutler 
and Schleuter 11 produced acute pulmonary abscess regularly by the 
introduction of emboli containing varous aerobic organisms. Their later 
studies 12 showed that the virulence of the organisms and the resistance 
of the host were of great importance. Holman, Chandler and Cooley ir ' 
demonstrated that tuberculous emboli introduced into the jugular vein 
initiated the pathologic changes in the pulmonary tissue resulting 
successively in anemia, infarction, caseation, central softening and the 
formation of an abscess. In 1927 C. E. Smith and Rusk 11 and D. T. 
Smith 15 reported the production of all types of acute and chronic fuso- 
spirochetal disease in the lungs of mice, guinea-pigs and rabbits by the 
intratracheal injection of sputum and scrapings from the crypts of 
pyorrhea alveolaris. About the same time Ghiron and Maddalcna 10 
produced abscess by the introduction of a segment of vein containing 
gastric and intestinal contents into the jugular vein. Crowe and Scar IT 1 ■ 

8. Kline, B. S„ and Blankenhorn, M. A. : Spirochactal Pulmonary Gangrene 
J. A. M. A. 81:719 (Sept. 1) 1923. 

9. Lambert. A. V. S., and Miller, J. A.: Abscess of the Lunc, Arch. Sure 
8:446 (Jan.) 1924. 

10. Ribierre, P„ and Kermorgant, Y.: Pulmonary Spirochaetosis, Compt. rend 
Soc. de biol. 93:1351, 1925. 

11. Cutler, E. C., and Schleuter, S. A.: The Experimental Production of 
Abscess of the Lung, Ann. Surg. 84:256, 1926. 

12 Cutler, E. C: Halloway, J. W„ and Schleuter, S. A.: Reaction of Immun- 
% ,n"? Bh E ^nnwmal Pr °ductio„ of Abscess of the Lung, Ann. Surg. 86: 
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165, 1927. 

13. Holman, E.; Chandler, L. R„ and Cooley, C. L.: Experimental Studies i 
Pulmonary Suppuration. Surg., Gynec. & Obst. 44:328, 1927. 
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in 1928 reported the production of abscess of the lung in eight dogs bv 
the implantation m the bronchus of a pledget of cotton soaked in 
pyorrhea! scrapings. They also reported the occurrence of abscess 
subsequent to the production of a foul sinusitis caused by the introduc- 
tion of pyorrheal scrapings into the frontal sinus. In the same year 
Allen 15 reported the production of multiple abscesses in 100 per cent 
of his animals following the intrabronchial inoculation of warm sputum, 
pi o\ ided the bronchus was ligated immediately following the injection. 
In 1928 Herrmann, Cutler and Weidlein 19 modified the original Cutler- 
Schleuter method and produced chronic abscess of the lung by an 
embolus impregnated with pyorrheal exudate. David T. Smith at this 
time reported being unable to produce suppuration of the lung by the 
intrabronchial injection of pure cultures of the anaerobes into guinea- 
pigs. In 1929 Lambert and Weeks 20 noted that when washed sputum 
containing both aerobes and anaerobes was used the abscess produced 
contained only anaerobes, the aerobes having disappeared. 

The bacteriologic study of numerous clinical abscesses of the lung has 
revealed a bacterial flora similar to that of an unhygienic buccal cavity. 
The strongest argument for the theory of aspiration is the close 
similarity of the organisms of pulmonary suppuration to those found 
in the upper respiratory' tract. Daily and Daily 21 reported the aspi- 
ration of blood in 78 per cent of one hundred patients during tonsil- 
lectomy while under general anesthesia. Iglauer 22 found blood in the 
trachea in 30 per cent of his cases (fifty) after local anesthesia. 
Myerson 23 showed bacterial contamination in 76 per cent of a large 
series of patients who underwent tonsillectomy', even though the head 
was tilted back at an angle of 45 degrees. He drew the pertinent con 
elusion that bland substances, such as mucus, saliva and blood, do not 
stimulate the mucosa of the larynx and trachea sufficiently to excite 
cough. Only when the mass of aspirated material is sufficient to inter- 
fere with the passage of air or when the mucosa is hyperirritablc an< 
inflamed is the cough reflex called into play'. This fact of frequent 
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contamination of the lower portion o» the respirator) tract i> 
strongest argument against the hypothesis of aspiration as the orig.n 
of abscess of the lung. Myerson reported an evacuation time ot twelve 
minutes in the lower portion of the respiratory tract owing to c.han 
action and bronchial peristalsis. Hedblom and his associates suggeste<l 
that in certain instances the mechanism of elimination fails and that 
fluid may gravitate out into the periphery beyond the held of the 
scavenging activity of cough and ciliary action. Archibald .found 
that when substances were aspirated beyond a certain zone in the 
bronchial tree cough had the effect of driving them farther toward the 
periphery. 

In short, both clinical and laboratory experience has demonstrated 
the lung to be very susceptible to the formation of abscess from septic 
embolism and to be very resistant to bronchogenic inoculation. Certain 
types of abscess are purely embolic; others are purely bronchogenic, but 
a large group is not explained by either mode of origin. For these 
cases certain investigators (Holman and Mathcs ; " f ‘ Van Allen. Adams 
and Hrdina 2r ) suggested the combination of the embolic route and 
aspiration. Holman and Mathes reported hemorrhagic infarction in 
twenty-eight of thirty-two animals following the introduction of one 
sterile and one infected embolus. Van Allen and his associates, on the 
other hand, suggested that septic embolism produces the initial acute 
abscess which is secondarily invaded by intrahronchial contaminating 
organisms, which in turn exert a profound effect on the chronicitv and 
the virulence of the preexisting abscess of the lung. This accounts in 
the embolic theory for the disparity between the existing bacterial flora 
of the abscess and that of the operative field. It also shows why the 
organisms normally resident in the upper portion of the respiratory tract 
are found in abscesses of the lung despite the difficulty of producin'? 
experimental bronchiogenic lesions. 


EXPERIMENTAL STUDIES 

To recapitulate: Pulmonary abscess may be pictured bacterio- 

logtcaily as originating from an uncertain agent but ending in a definite 

24. Hedblom , C A.: Pulmonary Abscess and Bronchiectasis. Etioloev and 
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Bronchiogenic Infection of ttelTng.^ Arct sTrg. “ 
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clinical picture that includes a terrific secondary invasion of organisms 
of various and diverse types. Several questions immediately present 
themselves : 

1. What organisms or group of organisms is responsible for the 
original infection? 

2. Does the study of bacterial invasion reveal anything with regard 
to the pathogenesis of pulmonary suppuration ? 

3. In what ways do the course and prognosis of these lesions depend 
on the organisms or group of organisms present? 

The theories with regard to a specific initial infection rest on very 
uncertain data. The most logical assumption is that a number of 


Tabi.e ]. — Results of Experiments with Intrabronchia! Implantation 


Ex- 


peri- 

ment 

Dog 

Material Implanted* 

1 

4 

S. E., pyorrhea; Br. 

0 

5 

S. E., B. coli (virulent); Br. 

3 

7 

S. E., B. coli (virulent); Br. 

4 

G 

S. E., pyorrhea; Br. 

S 

312 

S. E., pyorrhea; Br. 

0 

313 

S. E., pyorrhea; Br. 

7 

314 

S. E., pyorrhea; Br. 

S 

2G 

S. E., pyorrhea; Br. 

9 

37 

S. E., pyorrhea; Br. 

10 

10 

Pyorrhea; Br. 

11 

316 

Pyorrhea; Br. 

12 

317 

Pyorrhea; Br. 

13 

315 

Pyorrhea; Br. 

14 

11 

Pyorrhea; implantation 

15 

57 

in frontal sinus 

Washings from antrum; Br. 

1G 

59 

Washings from antrum; 

17 

GO 

implantation into 
frontal sinus 

Washings from antrum; Br. 

IS 

5G 

Washings from antrum; Br. 


Duration of 

Cause of Koentgenographic Lesion Found 
Death Signs at Autopsy 


Killed No lesion 

Pneumonitis Two days 
Killed No lesion 

Killed No lesion 

Killed No lesion 

Killed No lesion 

Killed No lesion 

Distemper No lesion 

Killed No lesion 

Killed No lesion 

Killed No lesion 

Killed No lesion 

Killed No lesion 

Killed No lesion 

Killed No lesion 

Killed No lesion 


No pulmonary lesion 
Pneumonitis and empyema 
No pulmonary lesion 
Fibrosis about lend shot 
No pulmonary lesion 
No pulmonary lesion 
No pulmonary lesion 
No pulmonary icsiOD 
No puimonnry lesion 
No pulmonary lesion 
Early bronchiectasis 
No lesion 

Early bronchiectasis 
No pulmonary lesion 

No puimonnry lesion 
No puimonnry iesion 


Killed 

Killed 


No lesion 
No lesion 


No pulmonary lesion 
No puimonnry lesion 


* S. E. means sterile embolus; Br„ broncboscopic implantation. 


organisms are involved, but not the same ones in each case ' ‘ 
clinical abscess represents an advanced stage, wit 1 cons j 
secondary flora present, it is within the range of P robab ' '} ' 
original infectious agent has relatively little, if any, clinica sig 

Cognizant of the scope of this problem, we laid out a det, . * ^ 
trolled group of experiments. This paper represents ie I ' 

report. In the first place, a series of experiments was *^*J*Z£ 
contrast the mode of bacterial invasion with relation to ie p< 

of the lesion. Previous 

The endobronchial approach was tried in eighteen dog^ * ^ 

to bronchoscopic implantation of infectious maer^ ^ mor pliine 

was abolished by the admin, Stratton of J4 8™" ' lhc |, r0 „cl,n S e»py 

and the bronchial mucosa was cocam, zed. Folio, tnt 
performed with the dog under ether anesthes.a. the amm.il 




Table 2. — Results of Experiments with Embolic Implantation of a JViu 
Segment in the Jugular I Yin 


Experi- 

ment 

Dog 

Material 

Duration of 
Lesion, Days 

1 

13 

Pyorrhea 

15 

o 

14 

Pyorrhea 

120 

3 

15 

Pyorrhea 

20 

4 

1G 

Pyorrhea 

159 

5 

22 

Pyorrhea 

S9 

G 

33 

Pyorrhea 

G 

7 

63 

From abscess 

85 

s 

67 

in dog 24 
Erom abscess 

EG 

9 

105 

in dog 22 
From abscess 

99 

10 

10G 

in dog 39 
From abscess 

1S5 

11 

s 

in dog 39 
Pyorrhea 

239 

12 

12 

Pyorrhea 

155 

13 

193 

Pyorrhea 

3G* 

14 

194 

Pyorrhea 

40* 

15 

20S 

Pyorrhea 

2G* 

16 

27S 

Pyorrhea 

13 

17 

39S 

Pyorrhea 

20’ 

18 

311 

Pyorrhea 

41* 

19 

2S6 

From abscess 

39 



in dog 193 


Cause of 
Death 

l’ulmomiry hemorrhage 
Convulsion?; killed 

Killed In fight 
Cerebral cinlioll-in; 

convulsion? 

Killed 

Empyemn 

Killed in field 

Killed 

Killed 

Killed 

Killed 

Killed 

Killed 

Killed 

Killed 

Toxemia 

Empyemn 

Killed 

Killed 


* The involved lung was removed by pneumonectomy. 


l.rMon nl 
Autopsy 

Absrc« ot lung"' 

Abscess of lung; ren brnl 
cmliolifin 
Abscess of lung 
Abscess of lung 

Abscess of lung (clirontc) 
Empyema; nbsrrss of 
lung 

Abscess of lung 
(chronic) 

Abscess of lung 
(chronic) 

Abscess Of lung (small) 

No demonstrable lesion 

Kplthellntcd cavity (no 
activity) 

Area of fibrosis (no 
activity) 

Ali«cess of lung 
Abscess of lung 
Ab«cess of lung 
Abscess of lung 

Abscess of lung 
Abscess of lung 
Enrge abscess of lung 


Table ^.-Results of Experiments with Embolic Implantation of Blood Clot 

in the Jugular J 'em 


Experi- 


9 
10 
11 
12 

13 

14 

15 

10 
17 
IS 

19 

20 
21 


Dog 

Material 

Duration of 
Lesion, Days 

17 

Pyorrhea 

20 

IS 

Pyorrhea 

42 

19 

Pyorrhea 

05 

20 

Pyorrhea 

5S 

23 

Pyorrhea 

4 

24 

Pyorrhea 

47 

32 

Pyorrhea 

9 

35 

Pyorrhea 

23 

39 

Pyorrhea 

110 

40 

Pyorrhea 

15S 

43 

Pyorrhea 


44 

Pyorrhea 

34 

45 

Pyorrhea 

16 

47 

Prom abscess 

7 


02 

49 
04 
SI 
S4 

50 


in dog 24 

From abscess 6 

m dog 24 

rroin abscess 4 => 

in dog 24 

From abscess o 

in dog 21 

i rons abscess Tr 

in dog 22 

Erom abscess s 

in dog 22 

Erom abscess o - 

in dog 22 

Erom abscess on 

in dog 22 


Cause of 
Death 
Empyema 
Empyema 
Killed 
Killed 

Empyema; convul- 
sions 
Killed 

Empyema; pulmo- 
nary hemorrhage 
Pulmonary hemor- 
rhage 
Killed 
Killed 
Empyema 
Empyema 
Empyema 
Pulmonary hemor- 
rhage 

Pulmonary hemor- 
rhage 

Killed in fight 
Distemper 
Killed in fight 
Silled in fight 
Eound dead in cage 
Distemper 


Lesion at 
Autopsy 

Abscess of lung; empyema 
Abscess of lung; empyema 
Ao demonstrable lesion 
Abscess of lung 
Abscess of lung; empyemn 

Chronic abscess of lung 
Abscess of lung; empyema 

Abscess of lung 

Chronic abscess of lung 
Lhromc abscess of lung 

Ahern!! empyemn 

Ab-cess of lung; empyema 

4 b!c C e!! ° ! ung; empyema 
Abscess of lung; empyemn 

Abscess of lung; empyema 

Abscess of lung; empyema 

Hemorrhagic pneumonitis 

Abscess of lung 

Abscess of lung 

Abscess of lung 

Abscess of lung; distemper 
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M grain (0.015 Gm.) of morphine. Cotton plugs impregnated with 
infectious material (such as scrapings from the gingival trenches of 
patients with pyorrhea alveolaris and washings from the antrum) were 
implanted in the secondary and tertiary bronchi of seven dogs by means 
of the bronchoscope. In nine animals the resistance of a certain por- 
tion of the pulmonary parenchyma was lowered previous to intra- 
bronchial implantation by the release of sterile emboli in the form of 
segments of veins into the jugular vein. In two other dogs the material 
was implanted in the frontal sinus. The animals were closely observed, 
but in no case did a pulmonary abscess develop (table 1). In two 
of the animals signs of early bronchial ulceration and dilatation (early 



Fig. I. — A chronic abscess of the lung produced by the em o 1C ! n ^ * zonc 
of scrapings from crypts of pyorrhea alveolaris in vein segments, s ion 
of infiltration about the abscess and illustrating the rupture o tie a . 
the bronchus. The specimens were obtained by pneumonectonij . 


bronchiectasis) were noted at autopsy, beyond the point o occ tv 
the bronchus by the cotton plug (fig. 2). The distal bioncuis was . 
with a mucopurulent secretion, but in no case was any area o 0 ‘ 
pulmonary necrosis found, despite the fact that many o t lC ‘ 
were killed from forty-two to seventy days after the bron 

implantation. . . , 

In another series of forty dogs the infectious material was in 
i„ the torn, of emboli (vein segment or bloc! clot). HerrnJ s m 
cation of the original Curier-ScMeuter teclnnc baj« ^ 

instances the infectious material was scrapings from the pm. 
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of patients with protracted pyorrhea aivcolaris. In some cases the 
material was derived from an abscess of the lung of a killed animal. 
This series was divided into two groups: (1) that in which the vein 
segments were used as emboli (table 2). and (2) the group in which 
blood clots were used (table 3). A parallel analysis of both groups 
disclosed interesting data, to be taken up later. In this series 92.5 per 
cent of the animals were found to have an abscess of the lung at 



Fig. 2. — Ulceration of the bronrUJai 
Point of bronchial occlusion in several ca^eTof " aS n ° ted distai to the 

specimen was obtained by pneumonectomy. end ° bronchia l ^plantation. The 


autopsy. One animal died of hemnrrb • 

annuals were no lesions demonstrable * g ' C pneumonitis - In only two 

sixty-five and one hundred and eighty five ^ ^ WCre killed 

introduction of emboli. The absces'ses^ ^^ y \ respe ^ely ; after the 

accesses found in the animals dying- in f Vaned from acute 

"” Wema or r»l'»Mary hemor^ f 0 "A™ ™ days of 

chrome abscesses of f rom one 
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hundred ami ten to one hundred and fifty days in duration. In an 
annual killed at the end of two hundred and thirty days an epitheiiated 
canty was found with no surrounding activity, simulating the epitheiiated 
cavity lound occasionally in an old clinical case of abscess of the lung 
when the infection has burned itself out but has left a defect too great 
for nature to repair. 

It is interesting to note that the incidence of fatal empyema was only 
10 per cent in animals into which a vein segment was introduced, as 



Fig. 3 .— A pulmonary abscess which ruptured into the pleural cavity, producing 
empyema which was fatal. 


against the incidence of 33 per cent in animals into which the o g< 
were introduced in clotted blood as emboli. It is also interesting 
that fatal pulmonary hemorrhage occurred in 5 per cent o . e ^ 
into which a vein segment was introduced as against an « 

19 per cent in those into which a blood clot was mtro uce ' } [ 

facts point out the ability of pulmonary tissue to ac,u,« 
resistance when not subjected to a sudden 
invasion simultaneously with the damage produced b) 
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Tuttle and Nicoll - s showed the effect of ligation of the pulmonary artery 
on the healing time of experimental abscess of the lung. Holman. 
Matlies and Reichert " 9 demonstrated clearly that the occlusion 
of a branch of the pulmonary artery to a pulmonary lobe leads 
invariably to marked dilatation of the bronchial artery to that lobe, so 
that the pulmonary artery in the embolic area is eventually fully supplied 



taining the mixed ^ by a " enlboIus cor '- 

VlrUlenCe * animal 't°-anim al passage. The animll itd o/ toxl" ia^ ^ ’' n 
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Fig. 5. — Pulmonary gangrene produced by an embolus containing the mixed flora 
of pyorrhea alveolaris which had been stepped up to the highest virulence. Note 
the diffuse cavitation and the definite line of demarcation. 


in two of the animals there developed signs of cerebral embolism one 
hundred and twenty and one hundred and fifty days after the implan 
tation of the emboli. 

A series of experiments was then planned to determine the relation 
of the virulence of the mixed bacterial flora to the clinical course o 
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pulmonary suppuration. Table 4 indicates clearly the ?a<l aU ^ 
up i„ virulence produced by animal -to-ammnl passage of u. 

material derived from a patient with chronic pyorrhea a yeolans. At 
first only a small abscess of the lung was produced, with huk actn t . 
The lung was removed by pneumonectomy, and a small portion ot -he 
contents of the abscess were transplanted in a vein segment as an 
embolus into dog 193. in which there developed a somewhat larger 
abscess which displaced moderate activity. The material from tins 
animal was passed on to dog 2S6. in which there developed a large 

Table 4.— Results of Experiments Slmeinp Stcppiiui Up of the I'inilence 
of Mixed Bacterial Flora 


Material iron) I 
pyorrhea alveolaris j 


Embolus Introduceil Into iloc 2P> (vein ‘cgmcnl) 

I 

Lung abstess (small; little activity; pneumotx'ctotuyt 
j 

Embolus introduced into dog IP.'! 
i 

1 

Lung abscess (moderate activity; pneumonectomy) 


Embolus introduced Into doc 2?0 
! 

i 

Large lung abscess (active inieetlous proeefp; died oi 
j toxemiu) 

Embolus introduced into dog 2S0 

l 

Pulmonary gangrene (death in five days) 


Embolus introduced into dog 2:0 
i 

Pulmonary gangrene (associated with widespread pneumo- 
nitis; death in three days) 


abscess of the lung; the dog died of toxemia. In the next animal 
typical pulmonary gangrene developed, and death occurred in five days. 
Autopsy revealed pulmonary gangrene which was lobar in distribution 
and accompanied by widespread cavitation (fig. 5). The last animal 
of the series died in three days of pulmonary gangrene associated with 
widespread pneumonitis. In short, we noted the entire transition in 
virulence of the mixed flora from that producing a small area oi 
localized necrosis (pulmonary abscess) to that producing diffuse pul- 
monary gangrene. Since the flora remained the same, the differences 
were due to a stepping up of the virulence of the separate organisms 
Having compared the relation of the various modes of bacterial 
invasion and having studied the relation of the virulence of the mixed 
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bncinial 

process 

bacterial 


* U \ lI,c l»*^iicsis type of pulmonary pathologic 
1> odiaed we isolated the various organisms from the mixed 

; " 1,] " re ' v the,n ,n PM« culture. Elaborate aerobic and 


T '" U 5 ~ /v “ , ' r " /, ' r P/ Grimms with Embolic Implantation of Organisms in 

Pure Culture ( Series 1) 


limit Dog 

I «£( 

*J gim 

;; 

I ::ji 

f> "(I i 

i'. 

7 

S :i24 

:> 

l« ir.’u 

it »a» 

ic :ii(i 


Organl-ms 

Culture A 
Cult lire Ji 
Cult lire C 
(.‘lilt lire J) 
Culture i: 
Culture 1' 
Culture <; 
Culture U 
(’lilt nrr 1 
Culture .T 
Culture K 
Culture 1j 


Embolus Located 
by Roentgen 
Examination 

Yes 

Yes 

Ye* 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 


Findings in 
Resected Lung 

Xo lesion demonstrable 
Xo lesion demonstrable 
Xo lesion demonstrable 
Xo lesion demonstrable 
Xo lesion demonstrable 
Xo lesion demonstrable 
Xo lesion demonstrable 
Xo lesion demonstrable 
Xo lesion demonstrable 
Xo lesion demonstrable 
Xo lesion demonstrable 
Xo lesion demonstrable 


Time Since 
Implantation, 
Days 

4S 

50 

52 


53 

54 
50 
57 
59 

59 

60 
62 


I Atil.K 6, — Results of Experiments with Embolic Implantation of Organisms in 

Pure Culture (Series 2) 


Time Since 


Experi- 



Cause of 


Implanta- 

ment 

I)og 

Organisms 

Dentil 

Lesion Found at Autopsy 

tion, Days 

J 

CM 

It. eoll viru- 

Killed 

Aren of fibrosis in lung 

47 



lent) 



S3 

O 

SO 

Culture A 

Killed 

Small area of fibrosis in lung 

.*) 

.12 

Culture It 

Killed 

Small area of fibrosis in lung 

S3 

4 

.11 

Culture D 

Pneumo- 

Diffuse pneumonitis (right lung) 

3 




nitis 


44 

.1 

fit 

Culture K 

Killed in 

Area of fibrosis (no activity) 




fight 


122 

(» 

4 0 

Culture F 

Killed 

Xo lesion 

7 

71 

Culture G 

Killed 

Area of fibrosis (do activity) 

70 

79 

s 

SO 

Culture H 

Killed 

Xo lesion 

i> 

104 

Culture .1 
(anaerobic 

hemolytic 

streptococcus) 

Killed 

Small area of fibrosis 

Xo lesion demonstrable 

190 

151 

10 

107 

Culture K 

Killed 



(Spirocliaeta 

microdentium 




11 

10 $ 

in agar cubes) 
Culture L 

Killed 

Xo lesion demonstrable 

150 



(Spirocliaeta 

mnerodentium 




19 

10 0 

in vein segment) 

Culture >1 Killed 

Xo lesion demonstrable 

147 



(anaerobic; 






in abscess ot lung 



J H 

102 

of patient) 
Culture N 

Killed 

Xo lesion demonstrable 

ISO 


(Bacterium 

melaninogenicum; 

anaerobic 

hemolytic 

streptococcus) 


anaerobic cultures (prepared by a method described by Herrmann ) 
were made on special mediums, with the pabulum require- 

30. Herrmann, Louis G.: An Improved Method for the Cultivation of 
Anaerobic Microorganisms, J. Bact. 23:331 (April) 1932. 
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merits and hydrogen ion concentration to meet the specihc 
demand of each organism. Two separate strains of aerobes and 
anaerobes (used in producing abscess of the lung) were plated out. 
The organisms grown in pure culture were introduced individually in 
vein segments into two new series of animals. 1 he emboli were located 
by roentgenograms and their position was rechccked by weekly 
roentgen examination. In one series the animals were killed. In the 
other series, in which the animals were spared, the lung in which the 
embolus had lodged, as checked by roentgen examination, was removed 
by pneumonectomy from forty-eight to sixty-two days after implanta- 
tion. In no animal of either series could an abscess he noted 
(tables 5 and 6). 

Our next step will be to determine which combination of these 
organisms has a proteolytic action on tissue in vitro. The eilect of 
these combinations will then be studied in vivo. Later emboli contain- 
ing the various proteolytic combinations will he introduced into the 
jugular vein of dogs, and the action of respective combinations on 
pulmonary tissues will be studied in an attempt to find out which group 
of organisms produces clinical abscess of the lung. It is hoped that 
time permits us to combine the embolic and intrahronchial lines of 
attack in the attempt to determine, if possible, the organisms or group 
of organisms which act as the vanguard, preparing the way for the 
advance of the necrotizing proteolytic bacterium or group of bacteria. 
Through this maze of experimental work, we have the patient as our 
guide. To this end we hope to make clinical application of the 
phenomena of desensitization as studied and applied by Dorst and 
Wherry , S1 

SU SI MARY AND CONCLUSIONS 


The various concepts of the etiology of pulmonary suppuration 
have been reviewed. The bacteriologic studies of numerous clinical 
abscesses of the lung reveal bacterial flora similar to that of an 
unhygienic buccal cavity. This similarity of organisms suggests aspira- 
tion as the possible cause. However, the relative infrequency of 
pulmonary abscess as against the frequency of bronchial contamina- 
tion following operations on the upper respiratory passages may be 
taken as the strongest argument against the hypothesis of aspiration 
as the source of infection. 

Experimentally it has been demonstrated that the lungs are 
susceptible to the formation of abscesses from septic embolism but are 

31. Dorst S., and Wherry, W. B.: Local Skin Reactions in the Selection of 
Anugens for Autogenous Vaccines, Ohio State M. J. 24:539 (July) 1928 W^rry 
W . B. . H>persensitivitv to Bacterial Proteins anrf Ttc t?ai~ c *. . . . 
Immunology, Am. J. Hvg. 14:539, 1931 , n Susceptibility and 
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• J K ‘ SlSta, 1 U tl ’ i,n,nCh,, " Cn ' C inoc,,lali ™- Certain abscesses are purely 
embolic am others arc purely bronchogenic, but a great number 
•ue not explained by cither mode of origin. For these a combination 
", ,<>tU may eventually account for the disparity between 

the: existing bacterial flora of the abscess and that of the operating 
. \ '’uhnonary abscess may be pictured bacteriologically as originat- 

ing f rom an uncertain agent but ending in a definite clinical picture 
that includes a terrific secondary invasion of organisms of various and 
diverse types. The theories with regard to specific initial infection 
rest on verv uncertain data. 


Cognizant of the scope of this problem, we laid out a detailed and 
well controlled group of experiments. To contrast the modes of 
bacterial invasion in relation to the pathogenesis of the lesion, the 
endobronchial and the embolic approach were tried. In sixteen animals 
the material (scrapings from the gingival trenches of persons with 
pyorrhea alveolar is) was introduced into the secondary and tertiary 
bronchi hv means of a bronchoscope. In spite of the fact that the 
cough reflex was abolished and the bronchus occluded with the plug, 
in no case did a pulmonary abscess develop. In two of the animals 
signs of early bronchial ulceration and dilatation were noted beyond 
the point of occlusion of the bronchus bj- the cotton plug. In two other 
animals the material was introduced into the frontal sinus. No abscess 
was produced. In a series of forty animals, the infectious material was 
introduced in the form of emboli (vein segment or blood clot). In this 
series 92.5 per cent of the animals were found to have an abscess of 
the lung at autopsy. The abscesses produced varied from acute 
abscesses found in animals dying of empyema or of pulmonary 
hemorrhage to chronic abscess of from one hundred and ten to two 
hundred and thirty days’ duration. The incidence of death caused by 
empyema in the group receiving the vein segments was 10 per cent, 
as against 33 per cent in the group receiving the blood dots. The 
incidence of fatal pulmonary hemorrhage was 5 per cent in the former 
group as against 19 per cent in the latter. These facts point out the 
ability of pulmonary tissues to develop (through secondary dilatation 
of the bronchial arteries, etc.) an excellent local protective mechanism 
when not subjected to a sudden overwhelming bacterial invasion 
simultaneously with the damage produced by the infarction. 

In another series of experiments planned to determine the re ation 
of the virulence of the mixed bacterial flora to the clinical course o 
pulmonary suppuration, the complete transition in virulence was note 
from that producing a small area of localized necrosis (pulmonary 
abscess) to that producing diffuse pulmonary gangrene. The stepping 
up in virulence was accomplished by animal-to-animal passage o 
organisms. 
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Two distinct mixed bacterial strains used in producing pulmonary 
abscesses were plated out, and the separated aerobes and anaerobes 
grown in pure culture were introduced individually in vein segments 
into two series of animals. But in no animal of either series did a 
chronic abscess of the lung develop. At present studies are being made 
of the action of various combinations both in vitro and in vivo in an 
attempt to determine, if possible, the exact nature of their synergistic 
bacterial action. 



M rcSKXTKKIC I.YM I'HADENITIS SIMULATING 
ACUTE APPENDICITIS 

<jr.\srrr.\rm: stcdv of the size of formal 
MESENTERIC LVMPII NODES 


CHARLES H. MEAD, M.D. 
ru.-f.rrH, minx. 

Enlargement ot the lymph nodes of Hie mesentery has been recog- 
nized since the eighteenth century. Bertein and Worms credited 
S\ denlum with the earliest description of mesenteric tumors or enlarge- 
ments in children. I he term “strumous abdomen” was used during 
the early nineteenth century to describe the condition. “Tabes 
mesenterica. a term which has endured, was first introduced in 1775 
by Ball. 

I he diagnosis of the disease during life was usually a conjecture, 
and it was recorded as a fact only when the disease was seen at 
autopsy. All necropsy observations during this early period indicated 
that the process was tuberculous. The condition was not commonly 
recognized at the beginning of the twentieth century, and was regarded 
as a pathologic curiosity as recently as 19 05 (Branson). Machtle, in 
1909, published the first summary from the surgical literature, and 
only fourteen cases were recorded. The paucity of cases undoubtedly 
accounts for the relatively little attention which the disease process 
attracted. 

During the early years of the twentieth century, however, the con- 
dition began to provoke surgical attention. This was probably because 
of the increased frequency with which surgical exploration of the 
abdomen was performed for the relief of acute disease processes. 
Enlargement of the mesenteric lymph nodes was frequently encountered 
as the only etiologic factor in the production of acute abdominal symp- 
toms. Cases were described by Richardson wherein the symptoms 
were those of acute appendicitis, but which revealed on surgical explora- 
tion merely an enlargement of the mesenteric lymph nodes and no 
appendical pathologic condition. Some of the enlarged nodes showed 
caseation, suppuration or calcification, while others appeared to be only 
mildly inflamed. All the nodes were thought to present a tuberculous 
process (Branson; Corner, 1905 and 1908; Shiota; Fordyce; Thiemann; 
Newbolt; Modems; Lund; Still; Carson; Iseiin). Consequently, the 
condition soon received attention as a distinct surgical entity. 

From the Departments of Surgery and Anatomy, the University of Minnesota, 
Minneapolis. 
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A brief description of such a case encountered in the surreal ser- 
vice of the University of Minnesota Hospital will serve as an illustration 
of the disease process. 


REPORT OF A CASE 

Historx A white boy, 2.5 years of age. was admitted to the University of 

Minnesota Hospital on July 19, 1929, and discharged on July 27. The patient 
was well until two weeks before admission, when marked anorexia developed. 
Six days before entrance he complained of abdominal pain, and the mother thought 
that he had a fever. Four days later he complained of more severe pain, which 
he localized in the right lower quadrant of the abdomen. There had been neither 
nausea nor emesis. Defecations had been regular and the stoots normal. A 
physician was consulted, who found the child to have a temperature ot 102 I . 
and marked tenderness in the right lower quadrant of the abdomen. The dnld 
was immediately referred to the University Hospital with a diagnosis ot acute 
appendicitis. The remaining history was normal as was the family history. 

Physical Examination .— The child appeared to he well developed and well 
nourished. Respirations were somewhat labored. The temperature was 102 I\, 
and the pulse rate was 120. There was neither localized nor generalized lymph- 
adenopathv. Cardiac and pulmonary observations were normal. The abdomen 
was prominent, and was tense on palpation. Tenderness was noted in the right 
lower quadrant, but muscle spasm and rigidity were questionable. There were 
no palpable abdominal masses, and shock cn rclonr was absent. A rectal examina- 
tion revealed no abnormalities. 

Laboratory Data . — The urine was normal except for a few white blood cells 
in the urinary sediment. Examination of the blood showed: hemoglobin content, 
72 per cent; red cell count, 4,350,000, and white cell count, 13,000, with poly- 
morphonuclear neutrophils 51 per cent and lymphocytes 49 per cent. A roentgen 
examination of the chest showed no pathologic process. 

Diagnosis and Therapy . — A diagnosis of acute appendicitis was made, and an 
operation was immediately performed. Numerous large, hard lymph nodes were 
noted throughout the mesentery of the small intestine, on opening the anterior 
abdominal rvall through a McBurney incision. One group of nodes in the mesen- 
tery of the ascending colon felt like a lobulated kidney. The nodes were about 
1 cm. in diameter, and presented a congestion of the vessels and a puckering of 
the peritoneum about them. Most of the large, hard nodes were found along the 
intestinal border of the mesentery. The appendix was normal in gross appearance 
Appendectomy was done, but no biopsy was taken of the enlarged nodes The 
postoperative diagnosis was that of acute adenitis of the mesenteric Ivmph nodes 
of unknown origin. Histologic examination of the appendix showed it to be 


ostopcrahoc Course.— Tht child s immediate convalescence was uneventful, 
and he was discharged from the hospital on the eighth postoperative dav He 
was not seen again until 2.a years later, when he entered the University of Min- 
nesota outpatient dispensary complaining of recurrent attacks of abdominal' dis- 
tress associated with ernes s and diarrhea The Q ' s 

milk from tuberculous cows a short time before the onset of tl ^ — , " gestcd 
abdominal symptoms. 1 of lhe on g‘nal acute 
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Fig. 1. — A roentgenogram showing the calcified mesenteric lymph nodes men 
tioned in the description of the case of tuberculous mesenteric lymphadenitis. 


logical investigations of this disease entity were based on observations 
of the condition at autopsies on tuberculous subjects and not on clinical 
considerations. Its frequent occurrence stimulated several studies of the 
relationship of tuberculous mesenteric lymphadenitis to tuberculosis 
elsewhere in the body (Rilliet and Barthez; Woodhead; Colman; Carr; 
Branson; Fordj'Ce; Still). The condition was found to exist in as high 
as 79 per cent of cases with other primary tuberculous foci. Studies 
of the relationship of gastro-intestinal tuberculosis to tuberculosis 
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in other regions were undertaken at about the same time (l-isen- 
hart; Hainan: Conrath). The investigations showed that gastro- 
intestinal tuberculosis was present in as many as 08 per cent ot persons 
with tuberculosis in other parts of the body. A comparison ot these 
figures suggested a relationship between tuberculosis of the digestive 
tract and tuberculosis of the mesenteric lymph nodes. 

The frequent presence of tuberculous mesenteric lymphadenitis at 
autopsies on persons with tuberculosis stimulated investigations of its 
occurrence in general autopsy observations. Reports of several series of 
cases show the incidence of tuberculous mesenteric lymphadenitis to 
vary from 1 to 3 per cent (Osier and McCrae). lhe prevalence of the 
condition varies with the region of the world from which the figures 
were derived, the higher figures coming from, certain sections of 
Scotland. 

Finally, the incidence of the condition in general abdominal surgical 
practice was studied. It would be expected to be higher than that in 
general autopsy observations, because most abdominal explorations are 
based on the presence of intra-abdominal pathologic conditions. One 
investigation of this phase of the problem has been recorded in the 
literature (Braithewaite). The study covered a period of twelve years, 
during which time the surgeons were admonished to look especially 
for the condition. One would expect the ultimate figure of frequency 
to be higher than that derived from mere casual recognition of the 
condition; nevertheless only 0.74 per cent of 58.731 exploratorv 
laparotomies showed evidence of tuberculous mesenteric lymphadenitis. 

From the foregoing analysis it may be concluded that the occurrence 
of tuberculous mesenteric lymphadenitis is infrequent in general clinical 
experience. It is true that no large series of clinical cases has been 


reported. A good share of the literature concerning the frequency of 
occurrence of this clinical condition consists of reports of cases. 
Machtle published a summary of fourteen cases from the surgical 
literature in 1908. Floderus published data in 1912 concerning eighteen 
cases of enlargement of mesenteric lymph nodes which he obtained 
during the preceding decade. Riseley described thirty operative cases 
in 1915, and Carson, in 1919, reported fifty operative cases encoun- 
tered during an eight year period. Mettenleiter reported twenty-nine 
operative cases obtained over a ten year span, Ljunggren described 
sixty cases of mesenteric lymphadenitis encountered during four years, 
and Bagg reported thirty cases seen over an eight vear period. Thus 
it may be concluded that the scant study given the'condition is due to 
its relatively infrequent occurrence. 


Ap c .—Inf an cy and childhood are the periods of life in which tuber- 
culosis of the mesenteric lymph nodes is most frequently encountered 
(Colman. Carr; Branson; Corner. 1905; Floderus; Lund- Parker- 
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Walker; l.raillmvaue; Osier and McCrac; Bell; Marshall) 

' ,s • somehmcs *-•<-*» young adults (Newbolt ; Floderus- 

Kiselev) and occasionally in the middle-aged, but by far the greatest 

number of cases arc seen in children from the time of birth to 15 years 
ot age. 


.Syni/'toniulnlni/y. No precise clinical syndrome for tuberculosis of 
the mesenteric lymph nodes has been established. The varying symp- 
toms have been well described by many writers, but they differ some- 
what in children and adults (Corner. 1905 and 1912; Floderus ; Franke ; 
Carson; (.lute; Krogsgaard; Brail he waite ; Ljunggren; Mettenleiter; 
Hagg ; Auchincloss ) . 


1 he condition may be present in either an acute or a chronic form. 
I he acute type is usually marked by a sudden onset and complaints of 
severe, crampy abdominal pain, followed by nausea and emesis. The 
pain commences in the epigastrium or is generalized over the abdomen 
and localizes in the right lower quadrant. It is paroxysmal and suffi- 
ciently severe to cause the patient to double up and cry out. The 
attacks commonly occur from two to five times a day, and vary in 
duration from five minutes to two hours. The pain usually ceases as 
suddenly as it began, and all symptoms subside in two or three days. 

Patients presenting the more chronic form complain of vague, inter- 
mittent, transitory attacks of colicky pain in the right lower quadrant 
or other regions of the abdomen. Often the complaint is not of pain 
but merely of a sensation of drawing or dragging in the abdomen. 
There is frequently a history of repeated attacks of indefinite gastric 
distress associated with nausea and emesis. Constipation and diarrhea 
are not common symptoms in the chronic form, but may be present m 
the acute attack. The chronic form is more common in young children, 


and the condition ultimately becomes acute. 

The symptoms in older children and young adults are usually the 
same as those just described, but the clinical picture in the moie 
advanced age group ma) r be complicated by symptoms of dysphagia 
(Wakely). peptic ulcer (Thiemann ; Lund; Bier; Keppler and Erkes, 
Davidovitch ; Ljunggren; Golden and Reeves), biliary colic (Most, 
Pribram), intestinal spasm (Schalij), constipation or diarrhea (Stern- 
berg), renal colic or hematuria (Schmieden; Walker; Davidovitch; 
Golden and Reeves) or even sciatica (Ljunggren). 

Physical Findings . — Physical examination reveals abdominal tender- 
ness and spasm and rigidity of the muscles over the tender area. T ie 
pain is frequently localized just to the right of the umbilicus abore 
McBurnev’s point (Gehrels; Brentano; Auchincloss). Occasional!) a 
mass may be palpated in the right lower quadrant of the abdoin 
(Floderus; Riseley; Braithewaite ; Bagg). Rebound tenderness is con- 
Ln Lymph nodes elsewhere in the body usually are not enlarge . 
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Rectal examination reveals no abnormalities. The pulse rate umes 
from 100 to 120, and the temperature is elevated irom 100 to HM l . 
(Fordyce; Bell). The general impression is that of a pronounced 
systemic reaction without the marked clinical findings one expects. 

Laboratory Data .— Examination of the urine generally shows jt to 
be normal. The white blood cell count varies from 12.000 to 17.000. 
the differential count showing about 80 per cent polymorphonucle.u 
neutrophils. 

Diagnostic Aids— Roentgen examination of the abdomen often 
discloses the presence of calcified mesenteric lymph nodes. '1 his pro- 
cedure was used as early as 1905 by Corner for the diagnosis of tuber- 
culosis of the mesenteric lymph nodes. It had received little attention 
in the literature as a diagnostic procedure, however, until the recent 
work of Strombeck. He expressed the belief that the presence of 
calcified mesenteric lymph nodes is strongly indicative of tuberculosis, 
as such calcifications arise early and almost exclusively after the onset 
of a tuberculous process. In infants and young children it is common 
to find the Pirquet reaction positive (Head). It is now generally recog- 
nized. however, that a Pirquet reaction fails to occur in a fairly large 
percentage of persons known to be tuberculous. The incidence of 
positive skin reactions with tuberculin should be considerably higher 
therefore, following the widespread use of the more sensitive Mantoux 
intradermal test. 


Diagnosis . — The differential diagnosis in children includes, primarily, 
acute appendicitis and, secondarily, Meckel’s diverticulitis, intussuscep- 
tion and pyelonephritis. In older children and young adults the condi- 
tion closely simulates acute appendicitis, but must also be differentiated 
from cholecystitis and cholelithiasis, pyelonephritis and intestinal and 
peritoneal tuberculosis. 

Treatment.— The treatment is always surgical exploration of the 
abdomen when the symptoms are acute. Simple exploration seems to 
do no harm in these cases, and often has a beneficial effect whether or 


not any further procedure is clone (Ungar; Bell). Surgical opinion 
vanes as to the advisability of removing or leaving the enlarged 
mesenteric nodes, as both procedures have been successful (Head; 
Bell). Newbolt recorded an instance, however, when failure to remove 
the largest nodes necessitated a secondary laparotomv to remove them 
before rehef of symptoms was obtained. More radical measures are 
seldom necessary, although a few cases are reported in which abscessed 
nodes were scraped out (Gehrels) or ileotransversostomy or intestinal 

resection was performed (Strombeck). 

Complications. The disease process may result in diverse compli- 
cations originating from the primary disease of the lymph nodes. 
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" f ” ire " vt ' rl - n, W " K “retera may result in compression 
" l,h s - vn, l' l,ll » s of <i'«asc of the urinary tract such as 

icmatmia. fmjucnt and painful micturition and abdominal pain simu- 

** j U,nA ' r C()!,C (Schmieden; Walker; Davidovitch; Golden and 

nerves), J lie acute process sometimes results in the perforation and 
rupture of a caseous gland (Floderus; Eden; Iselin; Head; Bagg; 
Hell; Grimm), intestinal obstruction (Floderus; Jones; Burning; 
Homutit : Wakely ; Head; Gutzeit; Koschucharoff ; Hubrich; Mischel), 
compression of the pylorus or duodenum (Floderus; Keppler and 
Erkes; Alatyas ; Orth; Wantoch), acute ileus (Floderus; Carson; 
Jlomuth), intra-abdominal abscess (Eden; Iselin; Head; Bagg), hydro- 
nephrosis ( Hepburn ; Valentin), obstruction of the biliary ducts 
( Moderns; Jean), obstruction of the portal vein with associated ascites 
(Moderns), erosive bleeding from large intra-abdominal vessels (Whit- 
worth; Kuescher; Eawitzkaja ; Fischmann), and thrombosis in the 
mesenteric vessels (Murray). 

Mechanism of In feel ion . — The exact mechanism by which the 
mesenteric lymph nodes become infected with tuberculosis has not been 
demonstrated. The tuberculous intestinal tract has been the most 
obvious source of infection. The digestive tract has also been con- 
sidered as the probable route through which tubercle bacilli in infected 
foods have been transmitted to the mesenteric lymph nodes. Infected 
sputum and milk have been most commonly accused as vehicles in the 
transmission of the organisms to the gastro-intestinal tract and to the 
lymph nodes of the mesentery (Branson; Braithewaite ; Head). It is 
stated that tuberculosis of the intestinal tract is rare in the first years 
of life, after which it increases in frequ ency to the fourth or fifth years 
(Opie). It has been pointed out that the increase in the number of 
gastro-intestinal infections is coincident with the average time of wean- 
ing, and that this is probably due to a change in diet through which 
contaminated foods may invade the intestinal tract. This theory of 
infection of the digestive tract with relation to the age period is of 
significance in considering the sources and routes of infection of the 
mesenteric lymph nodes. 

Intestinal stasis associated with distention and .catarrhal inflamma 
tion with abrasions of the mucous membrane have been mentione as 
producing portals of entry to the mesenteric lymph nodes (Bell), t 
has been suggested that the resistance of the mucosa is lessened by tie 
absorption of intestinal toxins, thus permitting the passage of organisms 
(Thiemann; Carson). Others believe that organisms may pass througn 
the intact mucosa (Walston.; Morley; Philip). The latter v,e.r » | >«« 
generally accepted. Trauma and intestinal parasites haie a s 

considered as e'tiologic factors (Be,,; W' T 

ment of nodes draining the region of the appendix has freq - ^ 
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ousted tuberculosis of that organ. Although tuberculosis of the append x 
occurs in from 2 to 5 per cent of abnormal appendixes (Lenuaudci 
and Nystrom). no clear case with associated mesenteric lymphadenitis 
has been recorded. Recent investigations indicating that tubercle lmcil- 
lemia may be present shortly after the onset of a tuberculous infection 
any place in the body favor a hematogenous route of infection (Sata: 
Lowenstein, 1930 and 1931). 

Pathology .—' The pathologic process in the tuberculous mesenteric 
lymph node does not deviate from its usual manifestations; thus, the 
findings are dependent on the stage of the disease. The progress of the 
condition is probably governed by the virulence of the organism and 
the resistance of the individual subject. 

The principal lesions noted at operation are; enlarged, inflamed, 
discrete nodes; masses of nodes grouped around a central suppurative 
or caseous node, or small, scattered, calcified glands (Braithcwaitc; 
Bell). In the later stages of softening, caseation, calcification and 
formation of scars, the disease condition is easy to recognize, and it is 
usually not confused with any other. In early stages, however, its 
gross recognition is difficult, and consequently requires microscopic 
examination or inoculation of guinea-pigs with the tissue for its decisive 
identification. The importance of the inoculation of guinea-pigs as a 
final diagnostic measure, after gross and histologic examination of the 
tissue, is emphasized by the experimental work of MacFadyen and 
MacConkey and of Bartel. Mesenteric lymph nodes showed, in these 
studies, the presence of tubercle bacilli in 25 per cent of a scries of 
nontuberculous cases brought to autopsy, in which the lymph nodes 
appeared normal on gross and histologic examination, and in which there 
was neither clinical nor autopsy suggestion of tuberculosis elsewhere 
in the body. 


Tuberculous mesenteric lymphadenitis most frequently affects the 
nodes which drain the ileocecal region (Corner, 1905; Braithewaite). 
Almost any node or group of nodes within the mesentery of the small 
intestine may be involved, however, because of their close anatomic 
relationships. In many instances the disease may be localized in the 
primary group of nodes at the margin of the intestine or at the root 
of the mesentery. Frequently the pathologic process is confined to the 
deocecal group of nodes. In practically every, instance the disease 
involves the nodes along the ileocolic artery to some extent (fig. 2) 

Causation of Pain — The symptoms of pain, spasmodic mild abdomi- 
nal distress, nausea, emesis and diarrhea can probably be explained as 
being due to acute alterations in and about the mesenteric nodes 
M i ms and Kappis showed that sensations of pain can be elicited 
within a field extending from the root of the mesentery to its free 
border, especially along the vessels. The mesenteric nod^ are situated 




I'ig. 2. — .•/, enlarged, discrete lymph nodes similar to the kind often noted at 
alteration. 1 he right side of the mesentery is exposed, and the location of the 
enlarged nodes along the course of the larger blood vessels is well shown, B, 
enlarged, discrete lymph nodes when seen from the left side of the mesentery. 
From L. P. Bell (Surg., Gvnec. & Obst. 45:465, 1927). 



3. — A calcified lymph node with associated puckering and scarification o 
the overlying peritoneum. It is evident that calcified spicules are also presen, 
which might project into and irritate the surrounding peritoneum. ' rorn 
Bell (Surg,, Gynec. & Obst. 45:465, 1927). 


involving the overlying peritoneum (fig. 3) could easily be considered 
as causative factors in the production of painful sensation 0 a!c ' 
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Braithewaite; Davidovitch: Golden and Reeves; Auchincloss). Colic- 
like pains have been ascribed to intestinal spasms and partial invagi- 
nations (Carson; Gray: Braithewaite). 

Prognosis. — The prognosis of mesenteric lymphadenitis with regard 
to freedom from symptoms is fair. Strombeck observed fifty-five 
patients after operative exploration over a period of from six to twelve 
years, thirty (55 per cent) of whom were free from symptoms. The 
early literature shows a high mortality in mesenteric lymphadenitis, 
for in a series of fifteen operative cases Floderus had a mortality of 
33 per cent. Recent reports of larger series of cases, however, showed 
no operative mortality (Bagg; Strombeck). 


NONTUBERCULOUS MESENTERIC LYM I’ll ADENITIS 

The literature regarding mesenteric lymphadenitis referred almost 
exclusively to the tuberculous type until 1920. Apparently it had been 
considered unlikely that the condition might be derived from some other 
infectious organism. Differentiation of the nontuberculous from the 
tuberculous type has not been entirely satisfactory, and has been based 
principally on pathologic and bacteriologic studies. The more recent 
recognition of nontuberculous enlargement of the mesenteric lymph 
nodes has led to its clinical classification as a distinct entity. Anderson 
directed attention to the fact that enlargement of the mesenteric lymph 
nodes had caused confusion with appendicitis. Wilensky, in 1920, 
wrote concerning a group of frequently encountered cases in which 
symptoms of acute abdominal abnormality are presented but in which 
on exploration only enlarged mesenteric lymph nodes are found. 
Histologic and bacteriologic study of the enlarged nodes fails to show 
tuberculosis, but shows simple lymphoid hyperplasia and pyogenic 
organisms. Pathologically and bacteriologically the processes are 
pyogenic. Clinically the condition cannot be demarcated from tuber- 
culous mesenteric lymphadenitis, nor from acute appendicitis. 

The following description is that of a case of nontuberculous 
mesenteric lymphadenitis encountered in the surgical service of the 
University of Minnesota Hospital. 


History.— A white girl, 9 years of age, was admitted to the University of Min- 
nesota Hospital on July 16, 1925 and was discharged on July 29. The child was 
well until approximately one year before admission. At this time she began to 
complain of intermittent, dull pain somewhat localized in the epigastrium 3 The 
appetite remained good, however, and there had been no nausea, emesis diarrhea 
or constipation. The mother thought that the child had a fever a timS but 
no temperatures had been recorded. ’ DUt 


Two days before admission to the hospital the 
because of marked abdominal pain. At this time 
diagnosis was made of acute appendicitis, and the 
versify of 'Minnesota Hospital for care. 


patient was seen by a physician 
the temperature was 100 F. A 
child was removed to the Uni- 
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Tlie history showed that the child had complained for three 
tent urinary frequency and burning. She had pneumonia twice 
one occasion. The family history was irrelevant. 


years of intermit- 
and influenza on 


• . hys ' C . a Examination. The child appeared to be well developed and well nour- 
ished. I he pulse rate was 110 and the temperature 99.8 F. The remainder of the 
examination revealed no abnormality except in the abdomen, where tenderness was 
present on palpation in the right lower quadrant, without muscle spasm or rigidity. 
Rectal examination revealed more tenderness on the right than on the left. No 
iymphadenopathy or abdominal masses were noted. 


Laboratory Data. — The urine was normal except for a few epithelial and white 
blood cells; the hemoglobin was 72 per cent, and the white blood cell count 17,250, 
with a differential count of polymorphonuclear neutrophils 72 per cent and lympho- 
cytes 2S per cent. 



Fig. 4. — A photomicrograph of a section of the lymph node removed at °P era 
tion in the case of nontuberculous mesenteric lymphadenitis. Simple hwnpiou 
hyperplasia is shown; X 100. 


Diagnosis and Therapy.— In view of the urinary history a diagnosis of pye ns 
was strongly considered. Appendical involvement could not be ruled out, ,0 ''" ’ 
and exploratory laparotomy was performed. The appendix appeared to e > ^ 

bv gross examination, but marked adenopathy was noted throug ou 
mesentery. The appendix and one of the enlarged nodes were no 

tologic examination. Microscopic examination of the a PPe nd ’ x r % . , f 4) 

malities, and study of the lymph node showed simple lymphoid hyperplas. ( S- 
The final diagnosis was nontuberculous mesenteric lymphadenitis. ^ 

Postoperative Course.- The child's postoperative convalescence was unevci^^ 
Observers in the University of Minnesota outpat.ent d.spensao' n ^ 

later that the child had had no exacerbations of f °™, es an / rea crion to the 
of the abdomen showed no calcified mesenteric lymph nodes, and 

Mantoux test was negative. 
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Frequency . — Publications dealing with the condition as an entity are 
relatively few, and consequently the frequency ot occurrence ot the 
condition tas not been widely studied. The thsense ts lit to be 
common, but unrecognized (Struthers: hreeman; lleusser; \\ ilensk\ 
and Hahn; Short). Its incidence has been determined in one senes «>i 
two hundred laparotomies, in which it was found to occur m b per cent 
of the cases (Short). This would indicate a much greater frequency 
than of tuberculous mesenteric lymphadenitis. 


steje .' — Nontuberculous mesenteric lymphadenitis is essentially a dis- 
ease of children, the age period ranging from birth to 15 years 
(Wilensky: Struthers; Freeman: Short). The condition has been 
recorded in young adults, but is far more common in the preadolescent 
period (Struthers). Heusser. Gulekc and Sennels presented reports of 
more than two hundred cases of mesenteric lymph node hyperplasia, 
occurring chiefly in patients between the ages of 10 and 20 years. 

Symptomatology . — It is stated that nontuberculous mesenteric 
lymphadenitis may simulate any acute abdominal condition for which 
laparotomy is commonly performed (MeFaddcn). The condition 
assumes both acute and chronic forms (Wilensky; Struthers; Freeman ; 
Wilensky' and Hahn; Short). The symptoms in the acute type simu- 
late those of acute appendicitis so closely that they cannot he differ- 
entiated. The patient usually complains of sudden, erantpy. colicky, 
abdominal pain, which is first diffuse about the umbilical region, later 
localizing in the right lower quadrant of the abdomen, or just to the 
right of the umbilicus. The pain commonly ceases as suddenly as it 
began, and is recurrent. There may he associated nausea and emesis, 
constipation or diarrhea. In the chronic form there is commonly a 
history of a long period of loss of energy and weight with associated 
fleeting gastric and abdominal distress, and finally a suddenly precipi- 
tated acute abdominal pain. 


Physical Findings — Physical examination generally shows a definite 
area of abdominal tenderness, cutaneous hyperesthesia, muscle spasm 
and rigidity over the tender area, and often rebound tenderness. Usually 
no masses are palpated, and results of a rectal examination are negative 
The pulse rate is slightly increased, and the temperature varies from 
99 to 104 F. (Freeman; McFadden). 


Laboratory Data .- Results of laboratory examination are usually 

i?(W0 tVl7 e {Sn fO sn a Wh,te bl Tl CeH C ° Unt ' Vhich llsuall - v var ‘ cs from 

tropSSs ' PCT Cd!S bei " S P ol - vnior l’honuclear neu- 

Diagnosis. The condition must be differentiated from the acute 
abcHmmal processes common to childhood such as Meckel’s diverticu- 
1ms, intussusception and pyelonephritis. Nontuberculous lymphadenitis 
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,S hmAUy confusc< < acute appendicitis, and fails to present 

any charactertsltc sytnptotm which will justify a clinical differentiation 
ot the two conditions. 

'1 > cat meat. Suigic al exploration of the abdomen is the usual treat- 
mem of the condition (Wilensky; Strothers; Freeman; Hensser; 
t\ density and Halm; McFaddcn; Short). There is no unanimity of 
opinion as to the advisability of excision of the enlarged lymph nodes. 
Jn most of the reported cases the nodes have not been disturbed. It 
is unanimously agreed that the appendix should be removed whether 
or not it shows a gross pathologic process. Opening the abdomen 
seems to be efficacious treatment, for in most instances an uneventful 
recovery ensues. 

Complications. — Intestinal obstruction and fecal fistulas have been 
the principal complications associated with nontuberculous lymph- 
adenitis (Wilensky). Both types are rare. 

Mechanism of Infection. — The mechanism of infection is unknown. 
Catarrhal conditions and ulcerations of the mucosa have been considered 
as possible portals of entry for the invading organisms (Freeman; 
Wilensky and Hahn). Contaminated food and milk have been described 
as vehicles of infection (Freeman). Intestinal parasites and trauma 
have been mentioned as possible predisposing factors (Heusser; 
Wagner). The appendix has been suggested as the most likely portal 
of entry for the infection (Wilensky). The fact that enlarged 
mesenteric lymph nodes are not seen in acute appendicitis, and that 
the appendix is normal in cases of nontuberculous mesenteric lymph- 
adenitis, is thought to be strong contradictory evidence regarding this 
theory. It is generally agreed that pyogenic organisms are the principal 
etiologic factors in nontuberculous mesenteric lymphadenitis (Wilensky; 
Struthers ; Freeman; Wilensky and Hahn). This agreement is based 
on pathologic and bacteriologic studies. The absence of tubercle bacilli 
has been demonstrated b}'' cultural and antiformin methods and by 
the inoculation of guinea-pigs (Heusser). 

Pathology. — The gross appearance of the nodes when seen at oper- 
ation is somewhat variable (Wilensky; Struthers; Freeman; Wilensky 
and Hahn; Bell; Short). The early stages of the process consist 
essentially of enlargement of the affected nodes, which are usual y f IS 
Crete and dull red. The surrounding peritoneum appears to be normal. 
Early caseation appears as single or multiple small yellow spots on t ic 
surface of the reddened node. With this change the surrounding 
peritoneum shows an extension of the inflammatory process. J here 
may be an increase of peritoneal fluid at this time. The caseation maj 
progress to form a definite abscess of the node or nodes involved. 
abscess is usually well walled off, however, but may become extremel, 
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laro-e. Finally, the process may recede and result in a condition ni 
scarification or cicatrization of an area of peritoneum about the previ- 
ously diseased gland. The final stage of the process is calcification, 
wherein a hard node is formed possessing multiple spicules which 
project into and irritate the surrounding peritoneum. 

The affected nodes may be scattered through the mesentery. 1 hey 
are usually most prominent, however, along the ileocolic artery or at 


•p ABLE i. A Comparison of the Salient Clinical anti I’altwloiiic Pen lures oj 

Tuberculous and Nontubcraihms Mesenteric Lymphadenitis 



Tuberculous 

Nobtuhcrciilou* 

Frequency 

in general autopsy statistics, 1 to Sfc 

In abdominal laparotomies, Q.7Wc 

In autopsies on tuberculous cases, O.I'.Cc 

In abdominal !at>arotomle». >' 

Age 

Birth to 15 years 

Birth to 15 year* 

Symptoms 

Acute, or chronic which became acute; 
pain; sudden onset, colicky, intermittent, 
first generalized or about umbilicus, later 
localizing in right lower Quadrant of 
abdomen; nausea and emesis 

The same 

Physical findings 

Abdominal tenderness; muscle spasm 
and rigidity; shock en retour; pulse rate, 
100 to 120; temperature, ICO to 101 1'.; 
otten a positive Pirquet reaction 

The same 

Laboratory 

observations 

Leukocytosis, 12,000 to 17,000; 50% poly- 
morphonuclear neutrophils 

The same 

Treatment 

Surgical exploration, with or without 
removal of nodes equally successful, nnd 
appendectomy 

The same 

Complications 

Urinary symptoms due to calcified epl- 
ureteral nodes; abscess and perforation 
of abscess; intestinal obstruction; acute 
ileus; hydronephrosis; obstruction ol 
common bile duct or porta! vein 

The same 

Etiology 

Tubercle bacilli 

Pyogenic or unknown organic 

Source and mech- 
anism ot intection 

Tuberculosis of digestive tract; infected 
milk or sputum; organisms passing 
through normal or eroded bowel wall; 
tuberculosis of the appendix 

Infected milk, sputum, food; 
diseased appendix; Intestinal 
parasites and trauma as pre- 
disposing factors 

Pathology 

Enlarged, inflamed, discrete nodes: 
masses of nodes about a central caseous 
or suppurative node; calcified nodes; 
scarified peritoneum 

The same 

Pathologic 

anatomy 

Prognosis 

Nodes draining ileocecal region; anv 
place in mesentery, along ileocolic 
artery 

53 per cent five year cures 

Nodes along ileocolic artery, 
scattered, along root of 
mesentery 

87 per cent four year cures 


the root of the mesentery. Microscopic examination of the nodes 
shows only lymphoid hyperplasia. 

Prognosis. Strombeck followed up forty cases for an average of 
3.9 years postoperatively and found 87 per cent free from svmptoms 
The operative procedure had consisted simply of appendectomy There 
was no operative mortality. 

A comparison of the preceding data, concerning tuberculous and 

Sarity’ tiTt" ! 5 ' m ? ta<k " itis ' “=>*« many points of 
‘ 5 (,able 1} ' Several lvntes consider that the tubercle bacillus 
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nuisl be stiongi} suspected of being the infectious organism in all cases 
o lymphadenitis in the mesentery (Clute; Struthers; Guleke; Bell - 
ilcl adden) In fact, the age period in which the disease occurs the 
symptomatology, physical findings, laboratory data, etiology, pathology 
and pathogenic anatomy are so similar that one strongly suspects that 

the two conditions are simply slight variations of a fundamental disease 
process. 


I'KIOR INVESTIGATIONS OF MESENTERIC LYMPH NODES 

Repeated contact with tuberculous and nontuberculous mesenteric 
1} inphadenitis in the surgical service of the University of Minnesota 
Hospital led Dr. O. H. Wangensteen to suggest an investigation of the 
fundamental aspects of the condition. In the preceding survey it is 
evident that the subject of mesenteric lymphadenitis has evoked con- 
siderable clinical interest. Its extent may be measured by the fact that 
Strombeck (1932) wrote a monograph of about two hundred and fifty 
pages regarding a clinical investigation of the condition. He realized, 
however, the futility of many clinical observations and publications, and 
thoroughly summed up their deficiencies when he stated: “There are 
as yet no certain measures of the normal variation of the mesenteric 
lymph glands. Therefore, the possibility cannot be excluded that in 
many of the published cases the size of the glands was within normal 
limits, and that the symptoms were caused by factors which could not 
be observed objectively.” It is this most fundamental factor with which 
the present study is concerned. 

Historic Data . — The development of knowledge concerning the 
lymphatic system has resulted from the studies of widely scattered 
investigators. The writings of Herophilus are credited with vague 
references to the lacteal vessels, but the earliest specific knowledge of 
them was recorded by the Italian, Aselli, in 1627. The Frenchman, 
Pecquet, in 1651, noticed white fluid in the heart of a dog, and traced 
it back to the subclavian vein and the thoracic duct. The Swedish 
investigator, Rudbeck, in 1653, followed the chyle back to the lymph 
vessels of the mesentery. The Dutchman, Swammerdam, in 1664, dis 


covered the lymphatic valves. 

Physiologic studies regarding the lymphatic system progressed more 
slowly. William and John Hunter, in the eighteenth century, uph etc 
the lymphatic system as the sole absorptive element in the bod)’. 
Magendie, however, in 1825, showed that the venous radicals were also 
absorptive structures, and in 1850, Ludwig demonstrated the formation 
of lymph by the diffusion of fluid from the capillary bed. 

Detailed knowledge of the lymph node system has fallen behind tha 
of the lymph vascular system. Bertein and Worms credited S> * ™ 

with the first description of enlargement of the mesenteric h mj 
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in children. Monro (1760), however, was the lhst writer t«. mention 
swelling of the lymph nodes in the head, axillae and minimal reipom. 
Hodgkin is said to have been the first, in 1832. to recognize the possi- 
bility of lymph nodes being the seat of specific diseases. Werner and 
Feller, in 1784. however, described an atrophy and hardening ot the 
mesenteric lymph nodes which they thought to he due to tuberculosis. 

Knowledge concerning limited portions of the general lymphatic 
system, such as the lymphatic nodes of the intestinal mesentery, also 
originated with the early investigators. Aselli found an extensive 
organization of the mesenteric lymph nodes in dogs. This investigation 
resulted in the naming of these nodes the pancreas of Aselli. 

Mascagni, by 1787. apparently possessed a fairly extensive concep- 
tion of the mesenteric lymph nodes. He described their shape, and was 
cognizant of a disease which hardened and atrophied them. He stated 
that these nodes in children become organized into groups with advanc- 
ing growth of the body. He believed that the growth of the mesenteric 
lymph nodes was closely related to the growth of the body, but that in 
middle life they began to diminish and gradually disappeared. 

Cruiksliank. in 1786. considered the number of mesenteric nodes to 
vary from 130 to 150. and he noted a disappearance of some of the 
nodes in older persons. He stated that they varied in size from J /o 0 to 
Y$ inch (0.12 to 0.32 cm.f in diameter. This observation seems to he 
the first quantitative description of their size. Later writers were more 
interested in the pathologic conditions affecting the nodes. The only 
quantitative data recorded by them related to the number of mesenteric 
lymph nodes. 

In 1889, Wullenweber undertook the first quantitative study of the 
size of mesenteric and mesocolic lymph nodes under normal and patho- 
logic conditions. His method consisted essentially of excision of the 
nodes and of weighing them in groups of 10, 20 or 50 nodes, from 
which he obtained an average weight for each of the groups. He did 
not pretend that his method was particularly accurate, hut felt that it 
offered a better measure of the size of the lymph nodes than had yet 
been obtained. He found the total number of abdominal lymph nodes 
to vary from 154 to 540 in a series of seventeen patients ranging in age 
from birth to 52 years. The variation in weight of these nodes was 
extreme, ranging from 0.0002 to 3.22 Gm. The mesenteric lymph nodes 
were examined separately in only four patients, ranging from 11 to 68 
years of age. The number in these cases varied from 113 to 437. and the 
average weight of the lymph nodes varied from a minimal of 0.002 to 
3.22 Gm. The average weight of the entire group of mesenteric lvmph 
nodes m these cases varied from 0.025 to 0.044 Gm. He concluded 
from h„ study of this group of cases that there teas a distinct growth in 
hmph nodes of the mesentery and abdomen which paralleled general 
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' tlopmcnt, and that with increasing- age after the developmental 
pu.od a decrease m the size of the nodes takes place. It would seem 
Kmc\ei, that the results of this investigation hardly merit such a sweep- 
ing conclusion, because of the few cases studied. 


Anatomy .— The following description by Delamere, Porier and 
Cuneo shows the regional lymph nodes dealt with in the present 
investigation : 


i lie lymphatics of the cecum and appendix are much more developed than 
those of other segments of the intestine. There are a few small nodes on the 
anterior and posterior surfaces of the cecum which terminate in a fairly large 
group of nodes (5 or 6) at the termination of the ileocecal artery. The appendical 
glands are essentially the same group, although there may be interposed in their 
route a few nodules in the rctroilea! meso-appendix. 

T lie lymphatics of the small intestine form two systems relatively independent 
of one another draining the mucosal and muscular layers of the intestinal walls. 
The glands in the mesentery into which the collecting trunks empty appear at 
first glance to be scattered indiscriminately through the mesentery. They are, 
however, arranged in a fairly definite plan and may be divided into three groups. 
A primary group is present placed in the terminal arterioles arising from the last 
anastomotic arch. A second group is present in the course of the primary superior 
mesenteric branches at the level of the first anastomotic arch. These glands are 
larger than the primary group. A third group may be found around the trunk of 
the superior mesenteric artery at its commencement. The glands are most numer- 
ous in the jejunal mesentery, diminishing progressively in number to the terminal 
ileum. 


QUANTITATIVE STUDY OF MESENTERIC NODES 


The aim of this investigation has been to determine the normal 
weight of mesenteric lymph nodes in children. Such a study seemed 
so beset by uncontrollable factors and inaccuracies of observation that 
the results would probably be of little value; nevertheless, the entire 
clinical entity built around apparent enlargement of the mesenteric 
lymph nodes would remain largely hypothetic unless some determi- 
nation of the normal was made for purposes of comparison. Conse- 
quently, an attempt has been made to establish a concept of the normal 
size of these nodes. The problem has been attacked without the influ- 
ence of preconceived ideas, and the many variable factors affecting stici 
an undertaking have been faithfully recorded in order that an)' rea er 
may judge for himself as to their significance. 


Material— It was proposed to study the size of the mesenteric lymph 
infants and children from birth to 15 years of age. This period of i e '^ s 
arbitrarily in order that the investigation might be closely linked to 
entity of mesenteric lymphadenitis, wherein both the tuberculous an 
culous types are encountered during this age period. of 

Arrangements were made with the pathology departments o i An ^. cr 

Minnesota, Minnesota General Hospital, Minneapolis enera^MPj ^ c!)iWrcI( 
(St. Paul City and County) Hospital whereby ™top P ancI the lr 

within the desired age group were obtained. The rarious p 
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fd'J 


assistants m 
material. 


these institutions gave hearty cooper, 


eration in the collection of thh 


attire and inll- 


Snecimens chosen tor study consisted of mesenteries from premature 
term stillborn infants, in whose cases there had been no history »t recent materna 
infection, and in whom the pathologist had found no evidence of a d.scase process 
related to the gastro-intestinal tract. Mesenteries tulfillmg these rcipuruiu nts 
were obtained without great difficulty, because of the large number of autopsy 
performed on stillborn infants in the department of pathology at the Intversily 

of Minnesota. . 

Considerable difficulty was encountered, however, in the collection <>i ndcqnnte 
material during infancy and childhood. Death from accidental causes was thought 
to preclude to some extent the possibility of recent infections affecting the mesen- 
teric nodes, and consequently the material was limited, at first, to cases in which 
the cause of death had been accidental. No such cases were obtained, in spite 
of cooperative pathologists, because apparently children dying from this cause arc 
seldom subjected to a postmortem examination. Furthermore, it was soon evident 
that there was not only an extreme scarcity of traumatic accident material, hut 
that autopsies on children more than 2 years of age were infrequent. 

My views necessarily broadened, and it was felt that specimens from almost 
any patient dying in childhood would be acceptable except those with diseases of 
the reticulo-endothelial system. This conversion was influenced by the obvious 
fact that no mesenteric nodes after birth would be exempt from the effects of 
organisms or toxins derived from the gastro-intestinal tract. In other words, no 
absolutely uncontaminated or completely normal lymph node system would be 
encountered. Furthermore, the effects of the various causes of death on the size 
of the nodes could not be evaluated, for no normal size of lymph nodes had l>ecn 
determined. It was concluded that the investigation must commence somewhere, 
and its results evaluated with due regard for many possible influential factors. 

The material examined consisted of fifty cases occurring in children aged from 
4.5 months prematurity to 12 years (table 2). The study included mesenteries 
from thirteen premature infants, five full-term infants, ten infants less than 1 
month old, ten infants ranging from 1 to 6 months of age, two infants between 
6 months and 1 year, three children between 1 and 2 years, one child of 4 years, 
two children between 5 and 6 years, three children of 8 years and one child 12 
years of age. The sex distribution was fairly even, there being twenty-two female 
and twenty-eight male infants and children examined. The various causes of 
death included prematurity, anencephaly, cerebral hemorrhage, hydrocephalus and 
spina bifida, bydrops foetalis, strangulated hernia and peritonitis, congenital heart 
disease, pneumonia, meningitis, otitis media, mastoiditis, pertussis, intussusception, 
congenital syphilis, dysentery, abscess of the lungs, septicemia, rectovaginal fistula, 
pericarditis, third degree burns, rheumatic heart disease, poliomyelitis and abscess 
of the brain. 

Methods. The specimens received from the various pathologists consisted of 
the entire mesentery of the small intestine extending from the duodenojejunal 
juncture to the cecum The mesentery had been cut across at its attachment to 
the posterior body wall, thus including in each specimen a portion of the superior 
mesenteric artery proper. The intestinal tract was present in the peripheral mar- 

? n .°f • me ? ?' ThC verraiform P rocess and cecum were preserved in each 
instance, m order that the proximal or distal portions of the mesentery might be 

US P%wT e h'h A " ‘T mcn ’ mr ‘ in formaldehyde 
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The effect of formaldehyde in various strengths on the mesenteric 1> mj.ly m 
tissues was carefully considered. Six lymph nodes from the mesentery m a still- 
born full-tern, infant were dissected free and weired ^ individually. ! m« of Hum 
nodes were then placed in a 5 per cent solution of formaldehyde. - » a HI jnr 
cent solution and 2 in a 15 per cent solution. The weight m the nodes m cadi 
solution was then recorded daily for a time, later it was recorded every other 
dav, and as soon as the change in weight became less rapid record- were made 
at weekly intervals. These observations showed an immediate increase in the 
weight of the nodes, the greatest increase taking place in the node- placed in 
the^S per cent solution and the least increase in the lymphoid tissue placed in the 
15 per cent solution (table 3). The rapid increase in weight was followed hv a 
fairly rapid and steady decrease in the weight of the nodes in each fixative solu- 
tion.' Finally, the loss of weight ceased, and it was noted that the lymphoid tissue 


Table 3. — Changes in JVcight of Mesenteric Lymph A odes During Li.ratinn (hut.) 



5/" c Formaldehyde 

107c Formaldehyde 

1 rr' r Formaldehyde 


' — - * — 

— — — s 

r ~ — -• } 




— 

Date 

A 

B 

c 

n 

17 

r 

2/25/31 

0.2364 

0.2327 

0.1574 

<uo:u 

o.i i: 

O.llV.t 

2/20/31 

0.2300 

0.2330 

0.19.70 

0.19115 

0.1350 


2/27/31 

0.2:141 

0.2324 

0.1916 

0.1 902 

0.1511 

O.ll/lt 

2/23/31 

0.2324 

0.2319 

0.1901 

0.1910 

o.irvn 

0.11147 

3/ 1/31 

0.2303 

0.2510 

0.1S50 

o.i«n 

0.1500 

0.1524 

3/ 2/31 

0.2296 

0.2434 

0.1S72 

0.1 ?01 

0.1395 

o.iroo 

3/ 3/31 

0.2274 

0.2401 

0.1 £37 

O.isw 

O.KfO 

0.12-7 

3/ 4/31 


0.24C0 

0.1S42 

0.1571 

O.l.vw 

0.1277 

3/ 5/31 

0.™GG 

0.2434 

n.is.io 

0.1570 

0.1402 

0.1261 

3/ 6/31 


0.2447 

0.1324 

0.1561 

0.1471 

0,12*70 

3/ 7/31 

.... 0.2244 

0.2440 

0.1-19 

O.IS43 

0.1431 

0.1217 

3/ S/31 


0.2440 

0.1751 

0.17:6 

0.1420 

0.1214 

3/10/31 

0.2227 

0.243$ 

0.17C0 

0.1745 

0.1417 

0.1211 

3/12/31 


0.243.7 

0.1751 

0.1740 

0.1416 

0.1211 

3/14/31 

0.2210 

0.2432 

0.1739 

0.172? 

0.1414 

0.12 JO 

3/1G/31 

0.2212 

02423 

0.1722 

0.1731 

0.1111 

0.12.17 

3/1S/31 

0.2200 

0.242G 

0.1704 

0.1714 

0.1409 

0.12*10 

3/20/31 

0.2206 

0.2421 

0.1C7S 

0.1700 

0.1400 

0.12.;# 

3/27/31 

0.2203 

0.2120 

0.1641 

o.i nor. 

0.140? 

0.12m 

a 3/3i 

0.2202 

0.2410 

0.1020 

0.1602 

0.1407 

0,1»72 

4/10/31 

0.2200 

0.2410 

0.1000 

0.1630 

0.1407 

0.1221 

4/17/31 

0.2200 

0.24iri 

O.IOOO 

0.1631 

0.1407 

0.12.70 

4/24/31 

0.2200 

0.2416 

0.1500 

0.16.70 

0.1407 

0.1231 



Weights Unfixed, Gm. 




2/23/31 

0.1700 

0.1S01 

0.1500 

0.1C30 

0.11170 

0.1172 


placed in the 10 per cent solution of formaldehyde had returned to its original 
weight. The specimens of tissue placed in the 5 and 15 per cent solution failed 
to return to their original weights. The 10 per cent solution of formaldehyde 
therefore, was concluded to be the most desirable fixative, as no corrective factor 
need be used. The mesenteric lymph node tissue returned to its original nonf.xecl 
weight after a period of approximately two months, following which there was no 
apprecuMe d,aa f i„ rveigh,. specimens <ri„ Y To ” 

“ h r'l ,0r a 1 >'™ d °< 25 months before being ,U,dZ 

The individual lymph nodes were dissected free from the mesenteric fat areolar 
tissue and peritoneum with sharp dissecting scissors The smaller ? 
nodes (0.0001 Gm.) could be seen with the naked eve if tl mesenteric 

up to a strong light and transiltummated. The dissections T W3 - hC , ld 

using an ophthalmologic loupe, by means of which he detai l of T r ^ * 

“r - 1 ~ = 



512 ARCHIVES OF SURGERY 

quality of firmness which considerably facilitated their dissection, for earlier dis- 
section of the tissues in the fresh unfixed specimen was very unsatisfactory. 

It was felt that sonic question might arise as to whether the extremely small 
hits of tissue described as lymph nodes might not be simply small collections of 
fat in the mesentery. Furthermore, the adequacy of the dissection with regard to 
stripping the node free from adherent tissues might be questioned, as even a small 
amount of tissue left clinging to such a small object would affect its weight value 
tremendously. Therefore, nodes of variable size were picked at random during 











’ HSil^ 






Fig. 5— Photomicrographs of a series of “ff^^ures and to show how little 
the small bits of dissected material are lympho d st u The nodc s 

adherent extraneous tissue is present follow, n a 
vary in weight from 0.0001 to 0.5 Gm; X 8. 

a i in the usual fashion 

the dissections, and after their wights of nodes, which vary 





uead-mbsextemc i.vuni.innxnis su! 

^ pvncnss consisted oi rcnt.vinS nny npvnrvnt nxccsf IM tto '* 

present by gently rolling the node over n ,sor ^ , 1a 1CC y ,,,,cMinii itmtic- 
Tb. lyntpb node tens -'f ' ™ ’ £ dLrvnti'ns on wrigl.t. 

?> ,ely "eigJo.ee -be single 

S. Again, eaclr node was weigl.ed 

- rh*=r- zr rt tsr : ,, 7 - 

mesentery was first transillnminated ; the lymph node was then carcinlly d.s>ec.c,l 



Fig. 6. — The original charts on which the weight of each lymph node was 
recorded in the approximate position in which it was found in the respective mesen- 
tery. The charts are organized in age sequence and labeled with the case number. 
The portions of the intestinal tract which were attached to the mesentery and the 
arbitrary regions of dissection are indicated. 


free ; it was dried on absorbent paper and weighed. This process was carried out 
on 6,00S individual lymph nodes which were encountered in the fifty specimens 
studied. 


It was felt that each observation should be recorded as accurately as possible 
m order that any obscure but significant factors might not be overlooked Conse- 
quently, an outline of the mesentery was drawn lor each specimen, and the deter- 
minations of weight were recorded on the sketch in as near the same position as 
each node was found m the specimen. Figure 6 illustrates this method of record- 
ing the original observations. 1 
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has 


1. Reproduction of the recorded observations 
been omitted because of lack of space. 


on the other forty-nine specimens 


Observations. Transillumination of the mesenteries of several 
specimens before commencing dissections indicated an apparent gradu- 
ation of size of the nodes in various regions. The nodes along the 
intestinal margin of the mesentery, for instance, appeared to be the 
smallest, and those at the root of the mesentery appeared to be 
the largest, i hercforc, an area arbitrarily marked off as the root region 
was indicated on the record chart of each specimen. Furthermore, 
examination of the record charts after a few dissections had been com- 
pleted revealed a slight suggestion of greater weight of the nodes in the 
region of the ileum and ileocecal junction than in the region of the duo- 
denojejunal junction and jejunum. The central branch of the 
superior mesenteric artery, as it coursed through the mesentery, was 
indicated in each chart as an arbitrary division line between the jejunal 
and the ileal regions. 

Inspection of the reproduction of the charts (fig. 6) on which the 
original observations were recorded shows clearly how most of the 
smallest lymph nodes were consistently present in the periphery or 
intestinal margin of the mesentery. However, a comparison of the 
average weights of lymph nodes of the jejunal and ileal regions (table 2) 
fails to confirm the impression that nodes are larger in the ileal region. 
This observation seems to be of significance in view of the descriptions 
of the mesenteric lymph nodes by older writers in which it was repeat- 
edly stated that the largest lymph nodes are encountered along the 
largest blood vessels, most of which are in the ileal region. The 
latter region contains the largest branches of the superior mesenteric 
artery, and yet the average weight of the lymph nodes in that region 
does not seem to vary significantly from the average weight of the 
nodes in the jejunal region. It is clear from table 2, however, that the 
average weight of the lymph nodes of the root region far exceeds that of 


those of both the jejunal and the ileal regions. 

The weights of the respective nodes were mentally gaged during the 
course of the dissections. Thus, an attempt was made to guess "it i 
fair accuracy whether one node was larger than another. Furthermore, 
the nodes were inspected for possible correlation between the appai en 
size of the nodes and the actual size, as determined by theii respectne 
weights. It was observed during the entire course of the dissection, 
that there was a close correlation between the actual weight o a nou 
and the visual impression of its size. Thus, a small not e gene ‘ . 
weighed less than a large node, and there was apparently httle dc atm 
in the density of the tissue involved which might make a sn a 1 
node as heavy as a large loosely woven node. In other * orris, 
apparent size of the node was indicative of its weight. 
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This observation seemed to be of some importance from a clinical 
point of view, for if a surgeon has a fairly accurate concept of tin- 
normal size of lymph nodes in the mesentery, his recognition and evalu- 
ation of the size of nodes in pathologic conditions of the mesentery 
should be of definite significance. Thus, it would seem safe to decide 
that descriptions of enlargement of the mesenteric nodes by surgeons 
familiar with the usual appearance of the mesentery are in all proba- 
bility correct. In order to test this observation further six cases were 
chosen at random after the dissections had been completed. The dis- 
sected nodes in each case were then examined, and 4 nodes were chosen ; 
a very small one. a large one and 2 of intermediate size. They were 


iniiiiwiiiramiminiiuiimniiiiiiimiiirainnnniiiimmimiiiiiainmmininnnimnramii™ 


• m ^ 

« • • 



• Fig ^'~ N ° d ,? S chosen by inspcctio "’ in " hich ‘here is an apparent variation in 
Utmost ^ n ° deS aCtUa,,y ' Ve!gh the Icast and the largest nodes weigh 


then weighed to determine whether or not there was a correlation between 
their observed size and their actual weight. In each instance the appar- 
ent y smallest node weighed the least, and the actual weight of each 
node became greater with an increase in the gross size (fig This 

t0 ° f -larged m L„, eric 


iKtAi ALEXT OF DATA 


Data derived from individual examination of nnQ t . , 
rvere firs, recorded on fire fi fly casT^“ T Te~ft 
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then oigamzcd as shown in table 2 according to age, sex, cause of 
death, number of lymph nodes and weight of the tissue, in order 

to facilitate a more panoramic study, which might suggest certain 
conclusions. 


. * lc cnses wcrc llstccI sequence from birth to 12 years accord- 

ing to the total number of lymph nodes, the total weight and the 
average weight of the lymph nodes. Furthermore, the number of lymph 
nodes and the average weight of the nodes for the jejunal, ileal and 
root regions were recorded. 


Inspection of the tabulation shows a marked preponderance of 
new-born infants. The reasons for this imbalance of specimens accord- 
ing to age have already been given. There was considerable variation 
in the number of lymph nodes, and it is interesting to note that both 
the smallest and the largest number of nodes were encountered in the 
group of new-born infants. The number of nodes varied from 26 in a 
/ month premature infant to 289 in a full-term stillborn infant. 


The total amount of lymphoid tissue present in each mesentery 
varied from 0.0298 Gm. in a 6 month premature infant to 18.654 Gm. 
in an 8 year old child. The average weight of the lymph nodes for 
each mesentery varied from 0.0002 Gm. in a 7 month premature infant 
to 0.2095 Gm. in a 6 year old child. The smallest node encountered 
in the dissections weighed 0.0001 Gm. and the largest weighed 
1.78 Gm. There was an apparent steady increase in the total weight 
■of the lymphoid tissue of the mesenteries from birth to 12 years of 
age. The average weight of the lymph nodes followed this general 
trend closely. Furthermore, the average weight of the nodes of the 
arbitrarily designated jejunal, ileal and root regions seemed to follow 
the same trend. 

Graphic analysis of the data was then carried out in order to verify 
or negate those impressions (fig. 8). The average weights of the 
lymph nodes in the specified regions and the average weight of the 
nodes for each complete mesentery were plotted against the age in years. 
The jejunal and ileal regions in each case, as well as the average weight 
of the lymph nodes derived from the total lymphoid tissue in t ie 
mesentery are represented in centigrams. It was necessary to plot t ie 
average weights of the root region in decigrams because of the larger 


numerical values encountered. 

Each graph emphasizes the larger number of cases in the group 
of the new-born and the rapidly diminishing number with increase in age. 
There is a definite verification of the impression, gamed from an » lS P 
tion of table 2, that the average weight of the mesenteric lymp in 
increases with age. Graphic analysis of the vanons 
cated regions of the mesentery indicates that all follow t 
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A marked deviation from the steady increase in weight with ap- 
is noted between the ages of 3 and 12 years. The sigmhcnnce Ins 
is conjectural, as only one case of a 12 year old subject was avadab ie 
Consequently, the variance from the general trend might well be dm to 
an inadequate number of cases. The fact that the weight ot t u not is 
at the mesenteric root in this case continued to become greater some- 
what substantiates this possibility. Further comment, such as argu- 
mentation favoring a peak of growth at about 12 years of age with 
gradual recession of the lymphoid tissue, is not necessary because ot the 
minimal amount of available material studied during this age period. 



Fig. 8.— A graphic analysis of the average weights of the lymph nodes of the 
mesentery and its arbitrarily demarcated regions. The weights for the mesentery 
as a whole and for the ileal and jejunal regions are recorded in centigrams. 
Those for the root region are recorded in decigrams, because of the large 
numerical values encountered. The ages are recorded in years. The dotted por- 
tions of the curves indicate the deviation from the steadily ascending line to the 
single case in a 12 year old child. 


Examination of the tabulated figures for the jejunal, ileal and root 
regions reveals an apparent increase in the average weight of their 
nodes. For example, the smallest average weight of nodes in the 
jejunal region was found to be 0.0001 Gm. in a 7 month premature 
infant; the largest was 0.0904 Gm. in an 8 year old child. The smallest 

n™"? 5 ' a . Ve nf,o- ei | htS ” *' a ™ m 0f ,he same cas « fnm. 

0.0002 Gm. to 0.129/ Gm, respectively. The smallest average weight 
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in the root region was encountered in the same 7 month premature 
infant, 0.0011 Gm., and the largest was found to be 0.9564 Gm. in a 
12 year old child. 

Fhe manifest difference in the average weight of the lymph nodes 
of the arbitrary regions of the mesentery with a progression from 
jejunum to ileum to root suggested a statistical analysis of available 
data. 1 The mean of the number of lymph nodes and the mean of the 
average weights of the nodes for the three regions were established. 
1 he standard deviation and the standard error of the means were calcu- 
lated. Comparisons were made as recorded in table 4. A significant 
difference between the number of nodes in the jejunal and ileal, the 

Table 4. — Comparison of Means for Number of Nodes and Their Average Weights 
in the Jejunal, Iieal and Root Regions 


Regions Difference Standard Error 


/ — 

— * of Alcan 

of Difference 

Ratio 

Probability 

Jejunum 
(Mj ±S.E.) 
63.56 + 2.72 

Sumber of Socles 

Ileum 

(Ali -+- S.E.) 23.74 

39.82 ± 3.7942 

4.06 

5.094 

0.000,000.6 

Jejunum 
(Mj ± S.E.) 
G3.5C + 2.72 

Root 

(Mr ± S.E.) 40.7S 

10.7S ± S.3714 

S.B02 

5.314 

0.000,000,04 

Ileum 

(Ali ± S.E.) 
39.82 ± 3.7912 

Root 

(Air S.E.) 23.04 

10.7S ± S.3714 

9.190 

2.507 

0.012 

Jejunum 
(Mj ± S.E.) 
0.0122 ± 0.0029 

Average Weights 

Ileum 

(Ali S.E.) -0.0005 

0.0127 ± 0.002S 

0.00403 

-0.125 

0 

Jejunum 
(Mj ± S.E.) 
0.0122 rfc 0-0029 

Root 

(Air -+- S.E.) — 0.0S40 

0.0962 ± 0.025S 

0.0259 

-3.2432 

0,0014 

Ileum 

(Ali ± S.E.) 
0.0127 ± 0.002S 

Root 

(Air +■ S.E.) — 0.0S35 

0.0962 ± 0.025S 

0.0259 

—3.223 

0.0014 


jejunal and root and the ileal and root regions is demonstrated by these 
comparisons. There is, however, no real difference between the average 
weight of the nodes in the jejunal and ileal regions. Comparisons o 
the average weights of the lymph nodes of tire jejunal and root and the 
ileal and root regions show a decided difference. 

L These calculations were made in the following manner: 

— — V X 
Mean — V lx — — — 


n2x — V2x — ( V lx) 2 __ 

Standard deviation of the mean — = Vn2x 

Standard error of the mean = S.E.,„ = — ~=j 
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COM M KNT 

The clinical aspects of mesenteric lymphadenitis have keen <leal\ \w\h 
in considerable detail. Many points of snmlavuy between the in hcum 
Ions and nontubercnlons types have been p-nnted nut. 1 <»-\Uh\u'» 
for confusion of the two entities have been shown M he present, espe- 
cially in the early manifestations of the disease process, then indi- 
viduality, however, depends more on the fact that the etioloipc agent - 
are different than on divergent symptomatology. '1 bus. the reaction 
of the human organism to tuberculous and pyogenic invasion <>t th<- 
vnesenteric lymph nodes is much the same. ^ et the impu ssion i 
gained that the tuberculous type progresses steadily to calcification, or 
the end-stage of tuberculous infection, while the pyogenic type is 
transient and self-limited. The two types of ctiologic agents in all 
probability gain access to the mesenteric lymph nodes in the same 
fashion, the reaction of the body and the local nodes being essentially 
the same as in infections in other locations. It is generally accepted 
that the cervical and inguinal lymph nodes may he enlarged following 
either tuberculous or nontubcrculous infections of the regions drained 
by them. There is every reason to expect that the mesenteric lymph 
nodes react to infection of the regions drained by them in much the 
same fashion. It is therefore concluded that tuberculous and non- 
tuberculous mesenteric lymphadenitis are separate clinical entities. 

The treatment of enlargement of the mesenteric nodes has been 
surgical or supportive. No mention has been noted, in the considerable 
surgical literature relative to tuberculous mesenteric lymphadenitis, 
regarding the use of roentgen therapy. Yet the treatment is well known 
and accepted in tuberculosis of the cervical and inguinal lymph nodes, 
for it was one of the first conditions to be treated successfully with 
roentgen rays. The earliest reports regarding the use of roentgen rays 
in the treatment of cervical tuberculous adenitis were made in this 
country in 1903 by Williams, Varney and others, and in recent years 
the literature on the subject has become voluminous. Good articles, 
many of which contain excellent illustrations and careful technical 
descriptions, have been published by Weil, Boggs and others. Mack'ee 
stated that while there are no available comparative statistics, it is the 
prevailing opinion that irradiation together with general medical treat- 
ment is more successful in a majority of cases of severe local tubercu- 
lous cervical adenitis than is surgery, in point of clinical cure, permanent 
cure, discomfort and disfigurement. Radium has not yet been employed 
extensively m the treatment of tuberculous adenitis. The literature 
contains few reports of such treatment. Molyneux reported the success- 
ful treatment of thirty patients with radium without radium sequelae 
Therapeutic results are considered to be the same with both agents' 
Roentgen ray treatment of tuberculous adenitis has been used with 
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bn iiant .esufts m Germany and has been applied by rontgenologists 
to tuberculous mesentenc lymphadenitis (Muller). The treatment ol 
tins condition has been successful, and has been recommended (Birk 
and Schall). The technic is essentially the same as for treatment of 
tuberculous peritonitis. 

It is clear that this study has embraced only a small segment of a 
great problem, in which one portion at a time must be completed before 
a compi ehensive picture may be formed. The original hope of establish- 
ing a definite concept of the normal size of the mesenteric lymph nodes 
has been only partially realized. The incomplete solution of the problem 
has been due to the many uncontrollable factors affecting such an 
investigation, the most important of which has been the lack of suitable 
material. The impossibility of obtaining absolutely normal specimens 
has been pointed out. Yet it would seem that even this complicating 
factor does not completely disqualify conclusions that may be drawn. 
This reaction is based on the obvious fact that all other studies of such 
a nature have been affected by similar uncontrollable factors, and that 
consequently this study may justly be correlated with them. 

Analysis of the data collected by the status lymphaticus investi- 
gation committee (Young and Turnbull) supports this contention. The 
report discussed the size of lymphoid structures, such as the faucial 
tonsil, cervical lymph glands, mesenteric lymph glands and Peyers’ 
patches in children ranging in age from birth to 16 years. The causes 
of death are segregated into a so-called normal group, which includes 
accidents, burns, hemorrhage, poisoning, epilepsy, foreign bodies, 
drowning and the like, and an abnormal group comprising pneumonia, 
gastro-enteritis, intussusception, volvulus, intestinal obstruction, appendi- 
citis, meningitis, peritonitis, septicemia, congenital heart disease and the 
like. The report concluded that comparison of the normal with the 
abnormal values shows no evidence that the amount of lymphoid tissue 
is influenced in a special manner by diseases of the type described. 
Heilman and White and Hammar noted in various illnesses and general 
infections that the lymph nodes remain essentially unchanged, and that 
local conditions do not affect the entire lymphoid structure. 1 bey 
expressed the belief that the reaction of the lymphoid tissues to infection 
is late, and that it proceeds parallel to the formation of antibodies. 

Such evidence, indicating that the common acute and subacute patho- 
logic processes occurring in children do not affect the size o t ic 
nodes, is presented merely to show that similar investigations are no 
free from this complicating factor. 

The investigation has been somewhat curtailed owing to the scnrci ) 
of material between 8 and 15 years of age. Nevertheless it is evidcn 
from an inspection of table 2 and figure 16 that there is a 
increase in the average mesentenc weight of the lymph 
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advancing age and development of the l«'dy. 
(fig. 16) of the steady rise in w 


v 


[‘he graphic illustration 
her xo. 01 U.e sl »u> * ... ... weight of the lymph nodes associated 
,ith an increase in age partially confirms the lymphoid type "< gf-uth 
curve recorded by Scammon. for there is a rapid rise m "Haney and 
childhood and a more gradual rise toward puberty. I he remaining 
portion of the growth curve has not been completed, for the study Iw- 
not as yet been extended beyond the age of adolescence. 

The effect of malnutrition or inanition on the weight of the node- 
must be considered in a study of this nature. It should be remembered 
that inanition in these cases is usually secondary to an acute or subacute 
infectious process which has finally caused death. Some idea of its 
effects may he gained from studies regarding changes in the weight 
of the thymus gland during health and disease, for in early life this 
organ is extremely active in the reticulo-endothelial system, l’.oyd 
showed conclusively that there is a distinct loss of weight in this organ 
when illness has lasted more than twenty-four hours. According to 
Jackson, lymphoid structures such as the mesenteric nodes undergo 
atrophy with inanition. It is usually agreed that the condition follows 
closely on illness in children, and consequently one would expect the 
nodes in all cases with acute or subacute disease processes to he some- 
what atrophic. Jackson, however, pointed out that infection involving 
the local nodes usually causes them to become engorged and swollen. 
Prolonged illness without involvement of the local mesenteric nodes and 
infectious processes definitely affecting them are recorded in table 2 as 
causes of death. The purpose ot this discussion is not to evaluate the 
effects of the disease processes on the mesenteric nodes, hut simple to 
point them out as uncontrollable factors affecting the study. 

The study does not intend to stress the topography of the mesenterv 
and its lymph nodes. Yet incidental knowledge has been obtained 
which includes verification of data regarding the location of lymph 
nodes in the mesentery. The older writers (Mascagni and Cruikshank) 
described the variation in the number of nodes and the fact that the 
smaller nodes seemed to be in the periphery of the mesentery while the 
larger ones adhered to the major blood vessels. Those observations are 
corroborated in this study. Additional information has been gained 
however, for the root region has been established as the location of the 
largest mesenteric nodes. 

The conclusions of earlier investigators that there is an increase 
m the size ot the nodes with advancing age through adolescence have 
been confirmed. Furthermore, the impression that under certain condi- 
tions the mesentenc lymph nodes are probably enlarged has been par- 
tially substantiated, for it has been demonstrated that more confidence 
may now be placed m clinical observations. In other words it has 
been shown that visual impressions relative to the size of nodes are 
fairlv accurate. c are 
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I hope that the data recorded herein may be of value in further 
similar studies, although the initial aim of the investigation has not 
been completely fulfilled. The broad field for further similar investi- 
gation is manifest. 


SUMMARY AND CONCLUSIONS 

1* detailed review of tuberculous and nontuberculoiis mesenteric 
lymphadenitis shows that the two entities are closely allied and suggests 
that they may be slightly divergent manifestations of a fundamental 
disease process. 

2. It is concluded that tuberculous and nontuberculoiis mesenteric 
lymphadenitis are separate clinical entities. 

3. The use of roentgen ray therapy for tuberculous mesenteric 
lymphadenitis is suggested. 

4. No absolutely normal mesenteric lymph nodes are available for 
study, except those of stillborn infants. 

5. Lymphoid tissue placed in formaldehyde, U.S.P. (1:10), returns 
to its prefixed weight after two months. 

6. Lymph nodes weighing as little as 0.0001 Gm. can be dissected 
free from the mesentery without the adherence of other tissues. 

7. The smallest lymph nodes are located near the intestinal margin 
of the mesentery; the largest are in the mesenteric root. 

8. There is a fairly steady increase in the average weight of the 
nodes from birth to 12 years of age. 

9. There is a significant difference between the number of nodes 
in the jejunal, ileal and root regions of the mesentery. 

10. There is no significant difference between the average weights 
of the nodes of the jejunum and ileum. There is a real difference 
between the average weights of the nodes of the jejunal and ileal regions 
and the root region. 

11. Visual differentiation is accurate, for the apparent size of a 
node is fairly indicative of its weight. 

12. The effects of infection and inanition cannot be evaluated 
accurately in a study of this nature. They do not condemn the con- 
clusions just mentioned, for they are present in all similar data. 
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CLINICAL USE OF A PLASTIC PYLOROJEJUNOSTOMY 
IN CHRONIC DUODENAL ULCER 

golder l. McWhorter, m.d,.ph. d. 

Assistant Clinical Professor in Surgery, Rush Medical College 
of the University of Chicago 
CHICAGO 


The satisfactory results of surgical treatment of such a variable 
pathologic lesion as chronic peptic ulcer should be increased by the 
selection of the safest and most satisfactory operation for each condition. 

The introduction of a plastic pylorojejun ostomy with excision of 
the ulcer , when it is indicated, offers considerably less risk than a gastric 
resection. It will also permit side-tracking the ulcer with a more norma) 
gastric physiology and less danger of jejunal ulcer than by closing the 
pylorus and performing a gastrojejunostomy. 

A number of factors have a bearing on the choice of surgical 
treatment of peptic ulcer. 

In the etiology of ulcer, infection has been considered of both 
primary and secondary importance. While acute ulcers may be produced 
experimentally by infection, it is likely that similar lesions arising 
clinically promptly heal in the absence of a spasmophilic tendency or 
ulcer diathesis (Alvarez 1 ). 

Ivy and Fauley 2 failed to produce chronic ulcer by direct infection 
of the gastric antrum. They explained the genesis of ulcer in man 
by emotional disturbances which, through pylorospasm, disturb the 
emptying of the stomach and may mechanically rupture a blood vessel 
in the mucosa. Gastric retention causes augmented motility and pro- 
longs the contact of a highly acid gastric juice which has been shown 
to lower the resistance of the mucosa. The corrosive action of the 
acid gastric juice has been demonstrated by Mann and his associates 
to be the most potent factor in the genesis of chronic ulcei by its 
almost constant occurrence after gastrojejunostomy when the duodenal 
contents are diverted to the ileum. 


Read before the Western Surgical Association , Cincinnati, Dec. 8, 1933. ^ 
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Iw and Faulcy demonstrated that a mnnhev of additional taeior- 
are also present. They sutured the end of the stomach to the end «•» 
the jejunum, with diversion of duodenal juices to the ileum, and ulcers 
occurred in all experiments, hut after suturing to the side ot the 
jejunum, ulcers occurred itt only 45 per cent. When the duodenal 
juices were drained into the antrum alter an end-to-end gaMf- 
jej unostomv. ulcers occurred in only Hi per cent of exjKriment'-. hut 
when later diverted to the ileum, ulcers appeared in S7 per cent. After 
suture of the end of the stomach to the side of the duodenum, with 
diversion of alkaline juices, ulcer occurred isi only 10 per cent of the 
subjects of the experiment. After section of the duodenum 1 inch 
(2.5 cm.) below the pylorus and suture to the jejunum, with diversion 
of the duodenal contents, ulcers developed helow the suture line in 
66 per cent of the subjects. The method of anastomosis would seem 
to be more important than the susceptibility of the mucosa to ulcer. 

The results of the experiments suggest that a jejunal ulcer would 
be less than one half so likely to occur after a properly performed 
end-to-side pvlorojej unostomy as after a gastrojejunostomy. 

Longitudinal anastomosis of the jejunum to the pylorus with the 
proximal loop attached to the incision in the antrum might result in 
better regurgitation than anastomosis at right angles. If the duodena! 
secretions prove to be diverted into the stomach as well after a pvloro- 
jejunostomy as after section of the jejunum and reimplantation into the 
antrum (a somewhat more complicated technic) the incidence of jejunal 
ulcer should he reduced to about one-tenth that after a gastro- 
jejunostomy. 

The short loop of jejunum may be sutured in position above the 
transverse mesocolon after anastomosis to the pylorus, if desirable. 
It is possible that a slight jejunal stasis helow the stoma may aid in 
the prevention of a recurrent ulcer, although I have seen duodenal stasis 
associated with duodenal ulcer. 

Contributing factors to ulcer have been proved to he : a small stoma 
or stenosis of the pylorus; roughage in the diet which delays emptying 
and traumatizes tissue; the motor drive; trauma at operation; failure 
of normal neutralization by duodenal juices, and a gradual increase of 
susceptibility of the mucosa to the acid juices from above downward in 
the intestine. 

. p y l0ric stenosis alone has been shown experimentally not to give 
rise to gastric ulcer, hut may delay its healing. Isolated pouches Q f 
the whole stomach have resulted in peptic ulcers near the fistula hut 
none along the lesser curvature (Moutier 4 ) 


4. Quoted bv Alvarez r 
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Morton -'' showed the presence of a mechanical factor by reducing 

the force of ejection of acid chyme from the stomach, with fewer 
ulcers. 

Kcppich 1 permitted the duodenal secretions to flow high up into the 
fundus in a few experiments with a low end-to-side gastrojejunostomy, 
and found fewer jejunal ulcers after removing the distal end of the 
stomach. ICoennecke * isolated the pars pylorica with the first part of 
the duodenum and anastomosed them to the ileum and found no ulcers, 
refuting the aforementioned implication that the secretions of the antrum 
and duodenum might predispose to ulcer. 

Other factors than the acid gastric juice must predispose to ulcer, 
since under normal conditions acute lesions of the stomach heal readily. 
In addition, various organs and parts of the intestine have been trans- 
planted into the stomach wall without being digested, as long as the 
circulation was intact (Ivy and Fauley). Although transplants of 
jejunal mucosa into the anterior wall of the stomach and antrum have 
not resulted in ulcers (Ivy and Fauley), Mann obtained them on trans- 
plantation into the lesser curvature. 

Goldberg 8 and Harper 7 found that a peptic ulcer always developed 
in the small intestine where it was sutured to a Pavlov or acid- 
secreting pouch of the stomach. 

However, Harper showed that when a secreting pouch of the 
antrum was anastomosed to the intestine free acid was not present and 
no ulcer formed. He was able to prevent ulcers adjacent to Pavlov 
pouches by coating the mucosa with an emulsion of gelatin, acacia, 
olive oil and lecithin twice a day. 

Alvarez stated that certain foods, including the peptones, exerted 
a protective action on the cells of the mucosa during digestion. 

The importance of peristalsis was shown by Bollman and Mann, 
who found no leak from a gastric fistula into the intestine and no ulcei 
if peristalsis was directed toward the stomach. 

Pathologically, a chronic peptic ulcer shows sclerosis of the blood 
vessels, which increases with the chronicity of the condition (Well- 
brock 9 ). The vascular fibrosis, with the indurated connective tissue 
bed, must be important factors in the failure to heal under favorable 
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medical or surgical treatment. The frequent occurrence of large nrt« ic 
in the base of the ulcer explains the severe hemorrhages 

In the healing of chronic peptic ulcer there are four umdamental 
objectives: first, rest to the ulcer; second, improvement of the local 
blood supplv; third, removal of the cause, and. fourth, restoration ot 


normal gastric function. 

Various medical treatments, including attempts to neutralize the acid 
secretions, have resulted in a large percentage of failures. 

Brown 10 reported from a follow-up of one thousand, two hundred 
and twenty-four patients that 49 per cent were cured and l<o per cent 
improved bv the Sippy treatment, which included rest under hospital 
management. He believed that the poor results in about JO per cent of 
the patients were due to extensive fibrosis of the ulcer from lack of 
earlv medical treatment, and that this group should have received 
surgical treatment. 

Alvarez stated that no medical treatment neutralizes the acid secreted 
during the night. 

Pylorospasm has been considered as one oi the important factors 
to control in the treatment of ulcer, since it produces retention with high 
acidity and may prevent normal regurgitation of the duodenal contents, 

Alvarez reported that experimentally the neutralizing power of the 
duodenal secretions is greater than that of the pancreatic secretions and 
the latter is better than that of bile. 

The stomach may be divided into two main portions hv the incisura 
angularis: the fundus, and the antrum, or pyloric part. Experimental 
work has shown that the fundus is less actively motile and acts as a 


reservoir, while the muscular antrum is chiefly concerned with mixing 
and expelling the food. The mechanism controlling the pyloric sphincter 
is obscure, but it responds to the acidity of the stomach and duodenal 
contents as well as to the type and consistency of food (Howell"). 

Bayliss 12 has shown that normally the amount of regurgitation of 
duodenal juices increases with the acidity of the gastric contents. 

The secretion of the antrum is always alkaline (Howell). The 
mucosa contains no acid-secreting cell, but onlv a mucoid tvne of cell 
(Bensley 13 ). ' 

Edkins " stated that products of digestion in contact with the antrum 
stimulate g astric secretion by an action of the hormones. However. 

,m” ts oi Medical Trra, ” , ' , ° f p '»‘ fc J. A. 

S,»nd m,. TeX “’” k P '’ ! SiO,0I!y ’ W. B. 

12. Bavtiss, W. M.: Principles of General Phvsiologv New York T 

Green & Co., 1924. - ’ lNev> 10r L Longmans, 

13. Bensley, quoted by Howell.n 

14. Edkins, quoted by Bayliss. 1 - 
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it lias been -shown by Priestley and Mann » that there is no change in 

the gastric acidity in Pavlov pouches after either exclusion or excision 
ot the pyloric part of the stomach. 

In the surgical treatment of peptic ulcer Balfour 36 stated that all 
requirements for a good result are satisfied by removal of the lesion 
and by establishment of an adequate means of emptying the stomach. 

Sevan 3, observed that, in general, the best surgical treatment for 
duodenal ulcei was a gastrojejunostomy and for gastric ulcer, a resec- 
tion of the stomach. 


In small ulcers, Balfour advocated either a pjdoroplasty or a gastro- 
jejunostomy, with local excision when possible. In lesions of the 
posterior wall of the duodenum he advised excision of the ulcer with a 
cautery or a knife, followed by a pyloroplasty. Judd and Hazeltine 18 
stated that such operations can be done in 50 per cent of patients with 
duodenal ulcer with slightly better results and with a lower mortality 
than a gastro-enterostomy. 

Gastroduodenostomy and pyloroplasty with or without excision of 
the ulcer have not been used widely because of the frequency of 
adhesions, the large number of ulcers of the posterior wall and the 
necessity for a more exacting technic. There is also a rather frequent 
recurrence of the ulcer and a persistence of symptoms (Bevan; 
Meyer and Rosi ; 10 Horsley ; 20 Hurst 20 ). Pyloroplasty in ulcers of the 
posterior wall would not seem indicated, since either the ulcer is left or 
excision of it leaves a new wound which may leak or fail to heal. 

Walton 21 stated that neutralization of the acid secretions did not 
take place at a high enough level after gastroduodenostomy to be satis- 
factory in ulcers of the lesser curvature. 
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Fortunatelv. the percentage of cures after a gastrojejunostomy when 
the ulcer has been left to heal, has been very high. Hattonr ,r 1 reputed 
89 per cent of satisfactory results in gastric ulcers and Hatcwnnd." 
82 per cent, including all peptic ulcers, Gaither.” m a ptTMiijal 
follow-up, found 80 per cent of complete cures after gastrojejunostomy, 
and 72 per cent of cures after various conservative operations, with 
19 per cent improved and only 9 per cent unimproved. He stated that 
in view of the low mortality as compared to subtotal resection, there 
was no justification for displacing the conservative types of operation. 
Alvarez stated that in duodenal ulcer gastrojejunostomy is the best 
operation, as from 80 to 90 per cent of the patients are relieved. 

Jejunal ulcer occurs with varying frequency, hut its incidence is 
probably about 3 per cent after gastrojejunostomy i He van ; Balfour; 
Alvarez; Benedict- 4 ). However, it may be very high when there is a 
stenosis or exclusion of the pylorus. Schwarz 4 reported stenosis in 
eighty-three of one hundred and thirty cases of gastrojcjunal nicer. 
Eiselsberg 4 found ulcers of the jejunum in over 25 per cent of cases in 
which exclusion of the pylorus had been done with a gastrojejunostomy. 


Exclusion above the antrum is sometimes done ( Devine : :r ' Alvarez). 
The contention is that by leaving the antrum, duodena! peristalsis is 
strengthened, and better neutralization is obtained at the gastrojeju- 
nostomy stoma. However, there may he a weaker stimulation of the 
alkaline secretions by food emptying only into the jejunum and actuallv 
less efficient duodenal expulsion of the juices, since jejunal ulcers still 
occur and even the duodenal ulcer does not always heal. 

Jejunal ulcer is more likely to follow any method of gastrojeju- 
nostomy which prevents easy access of duodenal secretions about 
the stoma (Mann) and also inadequate neutralization or mixing in 
the stomach. 


The gastrojejunostomy stoma, Walton believed, should be at the 
greater curvature. If made higher, it will not empty readily unless the 
patient is lying down. He believed that if the stoma is "placed near 
the pylorus, especially if the ulcer is near it, the antrum will greatly 
assist evacuation. 


22- Gatewood: Immediate Mortality and Late Results of Operations for 
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Experimentally, Cannon and Murphy* found food passing entirely 
n °ug h the pylorus after gastrojejunostomy, but clinically the stomach 
empties through both the pylorus and the stoma. The amount passing 
either is probably dependent on their relative size, the amount of spasm 
(Yialton) and the location of the stoma. 

ihe healing of a duodenal ulcer after a gastrojejunostomy may be 
dependent on the improved contact with alkaline juices, together with 
lessened acidity in the stomach and more rapid emptying. The fre- 
quency of letum of a healed duodenal ulcer following the taking down 
of a gastrojejunostomy for jejunal ulcer is well known. 


Lahey -• reported the reactivation of a duodenal ulcer after a sub- 
total resection of the stomach with the ulcer excluded, before removal 
at a second-stage operation. He stated that any satisfactory surgical 
treatment must offset the effects of pylorospasm either by a direct 
operation on the sphincter or ly a gastro-enterostomy. 

Following gastrojejunostomy, undetermined factors sometimes delay 
evacuation and prolong the secretion of acid. 1 28 have observed this 
experimental ly in animals with a Pavlov pouch and also clinically. 

The incidence of gastrojejunal ulcer following gastric resection is 
believed ly Strauss and his co-workers 2!> to be between 1 and 2 per 
cent. St. John 30 reported it after 3.6 per cent of gastric resections 
and Gatewood after 10 per cent. 

Lahey stated that the mortality’ of primary gastric resection is too 
high, even if as low as 6.7 per cent. He found the mortality was 
20 per cent after resections for jejunal ulcer. Postoperative jejunal 
paralysis or local peritonitis may cause acute gastroduodenal dilatation 
after jejunal resections. If unrelieved by r a duodenal tube, reoperation 
with short-circuiting or jejunostony may save the patients life. 

In large ulcers Balfour advised a partial duodenectoiny with gastric 
resection, if too much does not have to be removed. He reported 
resection in 75 per cent of chronic gastric ulcers in 1931. Emerson 
and Czirer 31 reported resection of all callous ulcers of the stomach. 
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The surgical treatment for peptic ulcer by resection of the antenm 
half of the pvloric sphincter was reported by Dearer and P.urdrn 
in a series of 'cases to give as good results as either gastrojejunostomy 
or resection of the stomach. 

A wedge resection of the fundus of the stomach lias been advocated 
by Connell 33 for chronic ulcer. This operation removes a large part 
of the acid-secreting mucosa, hut does not interfere with the pyloric 


mechanism. 

Roholm 31 abandoned circular resections of the stomach because ot 
frequent recurrent ulcers in the scar. 

The choice of any one of a number of conservative operations 
demands further knowledge of the disturbed physiologic relations and 
the benefits to be expected by different operations on the type of nicer 


present. 

Recognition of the extent of pathologic changes is necessary to 
determine the importance of excision of the ulcer and the most con- 
servative operation which should give relief. 

The persistence of old ulcers due to fibrosis after good medical 
management or a conservative operation probably explains the lack of 
relief in many patients. Since many callous ulcers are on the posterior 
wall of the duodenum, either excision or exclusion by a conservative 
operation may be obtained by a pylorojejunostomy. 

The method of plastic pylorojejunostomy described here permits 
excision of the ulcer without resection of the stomach. If excision of 
the ulcer is not advisable, the duodenum may he closed above the ulcer, 
which can be resected later if desirable. 


There are both technical and physiologic advantages of pylorojeju- 
nostomy over the Billroth I and II technics or their modifications 
(Bevan), a gastrojejunostomy, a partial gastric exclusion, or a gastric 
resection. The motor mechanism of the stomach and antrum is main- 
tained for normal mixing and emptying. The alkaline juices of the 
antrum are retained. The dangerous ulcers of the lesser curvature after 
resection are avoided. Mechanical drainage of the stomach may he 
improved by swinging the antrum down and to the left through’ the 
transverse mesocolon. 

Theoretical objections are supported by inconclusive physiologic 
experiments. Resection of the antrum, which has been thought to 
lessen the stimulating action of the hormones and relieve the muscular 


° eave !: -I; B r ’ and Burden ’ v - G - : Ann - sur g . 92:533 (Oct.) 1930. 

Anf iJ ° f F ” d “ 0t <» p 'l» ic Ulcer, 

w-jsr? a ! m a 

(July 22) 1933 . ’ bstr -’ J- A - M - A. 101:332 
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"'V“ ?- Ven no better resi,lts lhan a 

(Roholm). Cioiin ■■ reported that there was achylia in all cases he had 
i ol lowed up m which subtotal gastrectomy had been done. Neither 
■small nor wide resections of the stomach have fulfilled expectations in 
the treatment of ulcer. A recurrent ulcer occurs frequently, even after 
the Billroth I operation (Bevan). 

Unless achylia is obtained by radical resection the preservation of 
the antrum should aid neutralization. Pj-lorojejun ostomy permits this 
with consei vation of normal physiologic relations, although it seems evi- 
dent that the pyloric sphincter should be cut well into the antrum, per- 
mitting a wide anastomosis to the jejunum. 

Jejunal ulcers would seem to be more frequent when the anastomosis 
is made to the acid-bearing part of the stomach than to the antrum, 
although there are several factors involved, such as the size and location 
of the stoma, the emptying time, the motor drive and the intragastric 
and extragastric mixing of the alkaline and acid juices. 

Andrew's 30 has recently supported the growing evidence that there 
is a tendency to the formation of a jejunal ulcer by the pouring out of 
unneutralized acid juice when the stoma is placed high up in the acid- 
secreting part of the stomach. 

The small number of serious complications follow'ing conservative 
surgical procedures in patients not completely relieved with good medi- 
cal management is assurance that if the proper operation is performed 
fewer failures will result. 

A competent medical authority (Brovm 30 ) has stated that patients 
with callous ulcers should be treated surgically. Conservative operations 
will relieve the majority. When excision of the ulcer seems indicated and 
a pyloroplasty is impossible or the lesion is on the posterior wall of the 
duodenum, a pylorojejunostomy is far safer than gastric resection. It 
may also be used in a patient whose condition is otherwise inoperable oi 
who is a bad risk. The chances of a jejunal ulcer may be minimized In 
proper technic and medical management. Reoperation should be easiei 
than after gastric resection. 

The radical gastric resection should be reserved for patients wft i 
extensive lesions shown to be resistant to conservative operations. Unti 
knowledge or adequate tests have been acquired to determine wine i 
complications occurring after conservative operations will not occur 
after radical ones, one should choose the former. Consenathe surgica 
intervention for types of ulcer shown to resist medical treatment is con 
sistent with the routine medical treatment for all uncomplicatec ca. ■ 
of early peptic ulcer. 

35. Crohn, B. B, in discussion on Eggleston E L : Pathologic Comhnon< 
Secondarv to Achlorhydria, J. A. M. A. 97:1216 (Oct. 24) 1931. 

36 Andrews. E.: Jejunal Ulcer, S. Clin. North Amend (V 
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REPORT OK A CASE 

DfoffMO^.-Tlic following case was one of chronic P^oratim: duMninl nh cr 

into the pancreas. _ 

History— J \V., a German man, aged 53. was examined on 1'ch. 1«. 1 1 If 
present complaint was “stomach trouble" for fifteen years, om^nm: «.» severe 
epigastric distress and frequent vomiting. He was rarely free lrmn pam lor mote 
than two or three weeks at a time, but it was worse in the iall and winter. 

The distress and pain usually came on within three or four hour- after catim:. 
This had become worse during the preceding few months, and (luring the month 
prior to examination the pain had been almost constant. Certain foods, such as 
fat meat, cabbage, sauerkraut, condiments, salt, pepper, tomatoes, apples, bananas 
and tea, gave more distress. Until the previous month he had been able to take a 
light diet of milk, farina or oatmeal, eggs, celery, spinach, well rooked vegetables, 
cake and pie, except apple pic. During the previous mouth he ate practically 
nothing, and was afraid to take even milk. He had some relief by drinking hot 
water and vomiting during the preceding two years. Soda gave relief for n lew 
minutes. 

When he was working as a laborer, up to a few years previously, lie ate 
rapidly. 

Examination at a clinic five years before, revealed heart trouble and roentgen 
evidence of an ulcer of the duodenum. He bad been treated for the cardiac con- 
dition ever since. For several years lie had some dyspnea on exertion. He worked 
only seven months during the preceding five years and none during the last two 
and one-half years, owing to the cardiac and gastric complaints. 

Chronic bronchitis had been present for about twenty-five years, with a rather 
dry cough. 

He smoked about forty cigarets a day for fifteen years, often waking and 
smoking during the night. He never drank alcohol. He had had no previous 
illness except a few bad colds. He lost his teeth in an accident twenty years 
before and had used plates ever since. 

His average weight was about 158 pounds (71.7 Kg.) up to five years before 
examination. He lost gradually from that time until at examination be weigiied 
110 pounds (49.9 Kg.). Some days during the previous year lie lost 3 or 4 pounds 
(1.3 to 1.4 Kg.), and then regained it slowly. 

Sugar was found in the urine about eight months before. He had been under 
treatment for this and for the ulcer since then. 

Three months before examination he was treated for bis ulcer for six weeks 
in a large hospital. He was in bed for four weeks on the Sippv diet. He was 
never free from pain except when bis stomach was pumped. Heat and hot milk 
gave some relief from the severe pain. For the previous month, since leaving the 
hospital, although still on a diet and alkalis, the gastric symptoms had become 
worse, so that he was afraid to eat anything and had become very weak. 

Physical Examination .— The patient was well developed, but considerable 
emaciated. False teeth were used. The lungs showed no definite changes. 

An examination of the heart was made at the cardiac clinic on March 10 The 
pulse rate was 120 and the blood pressure 90 systolic and 80 diastolic There was 
a presystohe and systolic murmur, indicative of aortic stenosis and regurgitation 
An electrocardiogram showed a PR interval of 0.2 and a QRS interval of 0 06 

TlTeT'r/p mnS R T C ” 311 three leads> with a ^hing in lead II 
The T and P waves were normal in amplitude, but the voltage in all three leads 

"'I 5 ’° W - t The COnSultant f led that myocardial damage had occurred, and that 

the patient was not a good operative risk. 1 
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There was considerable tenderness on abdominal palpation over the region 
of the duodenum, with some muscle spasm. 

Roentgen examination showed a deformity of the first part of the duodenum 
characteristic of an ulcer perforating into the pancreas (fig. 1). There was 
increased gastric peristalsis. No six hour retention was present. 

The urine before operation contained granular casts, occasional white blood cells 
and many bacteria, but no albumin or sugar. 

Examination of the blood on April 12 showed : hemoglobin content, 81 per cent ; 
red cells, 4,000,000; white cells, 7,000; polymorphonuclears, 60 per cent; small 
lymphocytes, 30 per cent, and large lymphocytes, 10 per cent. The Wassermann 
and Kahn tests were negative. 

At this time the patient’s heart had been thoroughly digitalized, and the- cardiac 
rate was 60. There was no definite improvement in the gastric symptoms, and 

operation was decided on. 



Fig. 1, — Roentgenogram taken before operation, shoving a typical large P"- 
foratiug ulcer of the posterior wall of the duodenum. 


Operation.- A plastic pylorojej unostomy into the 
don of a chronic perforating ulcer of the hydrochloride was 

pancreas. Regional local anesthes.a with 0.5 per P 

used. , T) stomach was normal, but the 

A right paramedial incision was :na c - large pa l pa ble mass involving 

pylorus was considerably dilated. There ‘ omc stippling on the 

L first par. of the tiuodemtn, and the pancrea ; There ^ ^ 
lower side of the first part of the duodenum dilated posterior 

S£s ^rorr-r- - - - - 

wide and high. rnmoletelv just below the pylorus a, id d ' 

The duodenum was cut across comp^ ^ as 

" X* duodenum 

base on the pancreas. Ihere 


McJVHORTER-PyLOROJFJl'XOSrOMV IS 


; m'oniiX.ll. 



Fig. 2.— Technic of plastic pylorojejunostomv. The ulcer was excised and the 
stump of the duodenum invaginated. The lower end of the stomach was anas- 
tomosed to the jejunum and then fixed beneath the mesenterv of the transverse 
colon. In the upper and lower insets the position of the stomach was copied from 
roentgenograms taken before and after operation. 
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5>nt WithM *** * -* W «„ic 

liic pyloric end of the stomach was freed for a short distance from the 
mesentery of the liver, the pancreas and the transverse colon, without injury to the 
blood supply. An opening was. made in the transverse mesocolon similar to that 
tor a gastrojejunostomy, and a loop of jejunum about 8 inches (20.3 cm.) from 
the ligament of Trcitz was brought through it. A longitudinal cut was made 
through the anterior wall of the pylorus, extending about 1 inch (2.5 cm.) into 
the antrum of the stomach. A few blood vessels in the cut edges were ligated. 
The loop of jejunum was placed with the distal part downward against the enlarged 
pyloric end of the stomach and an anastomosis made, using three rows of chromic 
catgut sutures (fig. 3). The loop of jejunum with the attached pyloric end of the 
stomach was then pushed down through the hole in the mesentery. The edges 
were sutured to the antrum just above the line of anastomosis. A small collapsible 
drain was placed near the base of the ulcer on the pancreas, which was covered 
with omentum, and the abdomen closed. 



Fig. 3. — Excised perforating ulcer of the duodenum. The indurated fibrosed 
base was not removed. 


Microscopic sections of the edge of the ulcer showed round cell infiltration, 

with only dense fibrous tissue at its base. 

Postoperative Course .— There were no complications. The drain was removed 

on the second day. f 

The patient was given a bland diet, with no alkalis. Complete relief from 

previous gastric distress was obtained. . . 

Three months later there was a gain of 20 pounds with a gener. ‘ 
strength. Eight months after operation there was a further gai 

“ after operation staved the pyloric c„,l 

„ f fSach 8 considerably lower and the ,e„ o, to 

and 5). There was excellent peristalsis w.,1, rapid °'' F o„r ta.r, 

minutes after a barium sulphate meal the stomach « as almost P 
after the meal the barium was all in the ascending colon. 

““iTM^Whorter, G. L.: An Original Method 

toneal or Short Intestinal End, Surg., Gynec. & Obst. 50. 1W/ 
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i 



! 

Fig. 4. — Appearance six months after «i>eration. The pyloric end of the 
stomach was lower and more to the left than before the operation. 
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An Ewald meal was given, and showed a free hydrochloric acidity of 49 and 
a total acidity of 72. No blood was present. 

Examination of the urine on Oct. 15, 1933, revealed considerable sugar, but 
otherwise gave negative results. A blood sugar test showed 272 mg. He was 
given a diabetic diet. His general condition was good. He was moderately active 
and able to do a little work, but his heart pounded on exertion. On examination 
twenty-two months after operation he was still on a diabetic diet and was working 
as a watchman. The urine was sugar-free and there were no complaints of 
gastric disturbance. 

CONCLUSIONS 

1. A conservative surgical procedure, when the general condition is 
satisfactory, is indicated in the treatment of many callous ulcers. 
Complications may require a radical operation and necessitate greater _ 
risk. 

2. The surgical procedure should be adjusted to relieve the dis- 
turbed physiologic relations as well as the pathologic changes. 

3. A plastic pylorojejunostomy has been used clinically with success 
when excision of an extensive callous duodenal ulcer perforating into 
the pancreas seemed imperative in a patient' who was a poor risk. 

4. Wider indications, including exclusion of a duodenal ulcer, may 
be found for pylorojejunostomy, which offers a better physiologic 
restoration than ‘the most widely used operations and a lower mortality 
than gastric resection. 
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The occurrence and varying incidence of the staphylococcus in 
infections of the lung and of the pleura have been commented on b\ a 
number of observers, but the significance of pulmonopleural lesions due 
to the staphylococcus appears to have been overlooked. I he literature 
consists essentially of statistical presentation of the incidence of the 
staphylococcus in pleuropulmonarv infections, although staphylococcic 
pneumonia has been the subject of some separate discussion. Despite 
the fact that higher mortality has been noted, staphylococcic pleural 
infections have been included with the other bactcriologic varieties 
as if their pathogenesis, symptoms and treatment presented no appre- 
ciable differences. We believe that there arc distinctive features in the 
pathogenesis and pathologic changes and in the treatment of staphylococ- 
cic pulmonopleural suppuration. The lesion in the form of empyema or 
pyopneumothorax will be described as an entity, and we shall attempt 
to show that its consideration as such leads to more clearly defined 
therapeutic measures. 

INCIDENCE 

The available literature can be surveyed briefly, for it is chiefly con- 
cerned with incidence. As early as 1892 Netter 1 noted the staphylococ- 
cus in pure culture in 8 per cent of cases in a postmortem study of 
bronchopneumonia. Holt and Howland 2 in 1913, found the organism 
in 8 per cent of cases of empyema in children. In a study conducted at 
Mount Sinai Hospital in 1915 Wilensky 3 reported the incidence of 
staphylococcic empyema as 10 per cent. Chickering and Park 4 described 


From the surgical service of Dr. Harold Neuhof and the laboratories of 
Mount Sinai Hospital. 

expel'. ST a narp a tR4t28 te 1892 0l0SiqUe de broncho P“oni e , Arch, de med. 

, Q ■ i E " ri an l 1 *r lan »V- : T!le D!seases of In fancy and Childhood, 

ed. 9, New \ork, D. Appleton & Company. 1926, p. 442. 

3. Wilcn*,. A O.: Empyema of Tlmrax, Son,., Gvnec. S. Oh»i. 2:501, ms 
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a arge number of cases of staphylococcic pneumonia occurring during 
an epidemic of influenza. The incidence of the staphylococcus as the 
cause of pneumonia is much lower under ordinary circumstances, as 
pointed out by Cole/’ Nevertheless the staphylococcus is a common 
cause of empyema, the incidence given being as high as 22 per cent 
in one report (Heuer 0 ). 

1 he frequency and significance of staphylococcic empyema in infants 
will be refei red to shortly. In a study of enipj^ema in children below 
the age of 2 years, Rienhoflf and Davison ' found the staphylococcus 
in 19.5 per cent. Hart 8 reported an incidence of 17.5 per cent in a 
series of cases of empyema in children. Various authors have noted the 
incidence of staphylococcus in postmortem studies of bronchopneumonia 
in children : Lyon 9 reported 9.6 per cent, and Menter, Bailey and 
DeBone 10 reported 8 per cent. Reports of these and other investigators 
show that the staphylococcus is not a rare cause of pneumonia in children 
and is a common cause of empyema. If distinguishing features of 
pleural infections due to the staphylococcus have been noted they have 
not been described in any of the papers we have seen. 

Because we observed the extraordinary frequency of staphylococcic 
empyema in very young infants in our service at Mount Sinai Hospital 
we examined the bacteriologic reports on all the cases of empyema 
from 1928 to 1932. There were 373 patients, of whom about half were 
children ( 182 ) and half adults (191). The incidence of the staphylo- 
coccus in adults was 5.7 per cent (11 cases) and in children under 13 
years of age 17 per cent (31 cases). Much more striking, however, 
was the fact that 15 of the 21 cases of empyema in infants under 1 
year of age were due to the staphylococcus (71 per cent). An additional 
significant fact is that half of all the cases of staphylococcic empyema 
in children in our series occurred in the first year of life. 


PATHOGENESIS 

Although this article deals with staphylococcic pleural infection, 
the causative pulmonary lesion obviously requires first consideration. 

5. Cole, R. I. : Acute Pulmonary Infections, De Lamar Lectures, D27-1928, 
Baltimore, Johns Hopkins University, School of Hygiene and I Public Heal th, I - 

6. Heuer, G.: Acute Empyema, J. Thoracic Surg. 1:461 (J«) »»»• J* 

Nelson Loose-Leaf Living Surgery, New York, T. Iselson & Sons, 19 , - 

P ' S °7.' Rienhoff, W. F„ and Davison, W. C.: Empyema in Infants Under Two 

Years of Age, Arch. Surg. 17:676 (Oct.) 1928. 

8. Hart, D.: Empyema in Children, South. M. J. 9.8-3, 

9. Lyon, A. B.: Bacteriologic Studies of One Hundred and S -YjUl c ^ 
of Pneumonia and Postpneumonic Empyema m Infants and Clul . 

Child. 23:72 (Jan.) 1922. Pneumonia in Children. 

10. Menter, M. L.; Bailey, S. F„ and DeBone, F. M.. Pneumom 

J. Infect. Dis. 51:254 (Sept.) 1932. 
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The two most likely sources of the locus or foci in the hunts arc the 
bronchial tree and the blood stream (the question of lymphatic onion 
will not be discussed). The information at hand at the present time 
is inconclusive as to which of these pathways commonly conducts the 
infection to the lungs, for the difficulties of interpretation are obvious. 
A staphylococcic abscess of the kidney or of a hone is generally recog- 
nized as a metastatic focus, but proof is often lacking, hor identical 
reasons a staphylococcic abscess of the lung can properly be placed in 
the same category unless evidence exists to prove its origin by aspira- 
tion. It may be argued that Staphylococcus aureus is to lie found in 
the nasal secretions of normal adults (30 per cent, Xeuinann) and that 
the organism can he isolated frequently from the throat of a normal 
person as well as from sputum obtained from the bronchi. Aspiration 
may account for staphylococcic pneumonia, which does not appear to 
differ appreciably from pneumonia due to other organisms, but it docs 
not explain as readily an isolated abscess or multiple abscesses due to 
the staphylococcus. On the other hand, the evidence of att embolic 
(metastatic) origin of the staphylococcic abscess of the lung is sometimes 
clear. Leaving aside the characteristic miliary abscesses of the lungs 
occurring during sepsis caused by the staphylococcus, there arc not 
a few instances in which solitary or multiple abscesses of the lung occur 
in persons who are known to have had staphylococcic bacteremia. A 
distant source of surface infection, such as paronychia, is the sole 
evidence in other cases, as in staphylococcic abscess of a kidney or of a 
bone. In a third group, simultaneous metastatic abscesses in other parts 
of the body as well as in the lung comprise the evidence for staphylococ- 
cic abscess of the lung as a metastatic focus Finally, the appearance of 
the pulmonary suppurative lesion at autopsy is quite unlike that of 
aspiration bronchopneumonia with secondary suppuration. 

The embolic origin of many cases of staphylococcic abscess of the 
lung is stressed for practical rather than for theoretical reasons. The 


purpose is twofold : first, to indicate that the prognosis is potentially 
graver in any case of staphylococcic empyema than in a case of the 
more common pneumococcic empyema because the underlying infection 
in the lung may be embolic and therefore one of a number of metastatic 
foci, and, second, to indicate that an appreciation of metastatic origin 
eads to the conception of an abscess of the lung and not of stanhv- 
lococcic pneumonia as the pathologic process underlying the empyema 
1 he clinical significance of this view will be shown. 


In our senes of cases definite portals of entry for general staphylo- 
coccic invasion were noted in 22.5 per cent of the children and in 45 5 
per cent of the adults. The sites were chiefly active or subsiding skin 

cultured ^ r0m v?- rab - r ^ ^ Was ’^ated in pure 

culture). The histones in this group were often strongly suggestive 
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Of metastatic puimonopleural lesions rather than of the typical sequence 
of pneumonia and empyema. In the remaining cases, however, there 
was little if anything in the history or clinical course to differentiate 
the staphylococcic from the common pneumococcic infection in the 
lung and empyema. 

In the cases in young infants in our series a history clearly indicative 
of the metastatic origin of the staphylococcic infection was common. 
There were 2 striking examples of sepsis of birth, and it is of interest 
to note that both patients recovered. In 1 infant there were multiple 
periarticular abscesses at the age of 2 weeks followed shortly thereafter 
by pyopneumothorax. Dunham’s 11 study on sepsis in the new-born con- 
firms our impression that the majority of, if not all, cases of staphy- 
lococcic empyema in young infants (which means the great majority of 
all cases of empyema in young infants, as we have stated) are derived 
from embolic abscesses of the lungs. 


PATHOLOGIC PROCESS 

In generalized staphylococcic sepsis, empyema secondary to miliary 
abscesses of the lung is an occasional complication. It rarely requires 
clinical consideration under such circumstances and is not under dis- 
cussion in this paper. 

The pathologic process in the underlying lung determines the 
character and the extent of the pleural lesion in staphylococcic empyema. 
The pulmonary lesions may be single or multiple. The solitary abscess 
(or group of abscesses) is comparable to the staphylococcic carbuncle 
of the kidney or the osteomyelitic abscess of the bone. The lesion can 
properly be termed a “carbuncle of the lung” by analog}' to carbuncle 
of the kidney. The similarity of carbuncle of the kidney, with its 
cortical involvement, perinephritis and perinephritic abscess, to sub- 
pleural carbuncle of the lung, with contiguous sacculated empyema or 
pyopneumothorax, is evident. In our series all the patients presented 
suppurative pleuritis at the site of the carbuncle of the lung. Of t le 

11 adult patients, 5 had sacculated pyopneumothorax at the time of 
operation, and in 3 bronchial fistulas appeared subsequently as evidence 
of the rupture of a pulmonary suppurative focus. Of the 31 chi dren, 

12 had pyopneumothorax at the time of operation, and bronchial fistulas 

appeared at a later date in 8 others. Approximately the same percentage 
in each group gave evidence of the rupture of a pulmonary suppuratne 
focus as the source of the empyema or pyopneumothorax. 1 * 

at hand therefore point to an identical process m adults an 

As will be pointed out, however, the clinical nunifestat.om of pleural 
invasion in children are often different from those m adu ts. 

TTounham, E. C.: Septicemia in the New-Born, Am. J. P lS - ChM ' 45> " 
(Feb.) 1933. 
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The pulmonary involvement may not be limited to a folitaix ubHii-s 
or a group of abscesses or to a carbuncle in one lobe. Abscesses may be 
scattered in more than one lobe or even in both lungs. Occasionally tin: 
decree of involvement in children may be so great that a lobe is largely 
destroyed by the suppurative process. Recurrent pyopneumothorax 
as the result of successive ruptures of multiple abscesses m the lung 
occurred in several patients in our scries. It is obvious that the mentality 
in some instances of staphylococcic empyema or pyopneumothorax can he 
ascribed to the extent and degree of invasion of the lung and not to the 
pleural infection. This was true in all the cases in our series that came 
to postmortem examination. 

The pathologic process in the pleura depends on the site of the 
pulmonary focus, its extent and the rate of destruction of the over- 
lying parenchyma. In adults the pleural involvement is usually slow 
and benign. The empyema or pyopneumothorax develops gradually in 
encapsulated form. Bronchial communications, when present, arc gen- 
erally insignificant, indicating that the abscess in the lung was probably 
small and subpleural. Our experience with staphylococcic empyema 
or pyopneumothorax of adults has been limited, but the architecture 
has been characteristic in the few cases wc have encountered. The 
collection of pus is in two pockets, with a shelf of infiltrated lung 
bearing the perforated or nonperforated parenchymal focus lying 
between them. The encapsulations are dissimilar in size, and the shelf 
may narrow greatly the communication between them. The surgical 
significance of this configuration is evident. In our first experience 
at operation in 1 of these cases the second and larger collection of pus 
was entirely overlooked after the first had been evacuated and was 


accidentally revealed beyond a shelf of lung as a result of coughing. 

The slow evolution of empyema or pyopneumothorax which has been 
described as the adult form is also encountered in children. It is not 


typical of childhood, however, and is less and less frequently seen as 
the earliest years of life are approached. The characteristic lesion in 
childhood, and more particularly in infancy, is wide rupture of a staphy- 
lococcic abscess of the lung into the pleural cavity. When it evolves 
slowly, permitting walling-off adhesions to form, pyopneumothorax with 
little or no displacement of the mediastinum is the result. On the other 
hand, total pyopneumothorax with great shift of and tension on the 
mediastinum occurs when the abscess develops rapidly with early rupture 
Kever present m adults in our series, this picture occurred in one third 
ot the children and m almost all the infants. 


ITS 


The symptoms oi staphylococcic pleural infections obviously depend 
on the pathologic process. Although there may be some overlapping 
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empyctr T\ be infated “ follo ' vs: (D peculated 

enpyema, } 2 ^ sacculated pyopneumothorax; (3) total or subtotal 
empyema with or without mediastinal tension, and (4) total or sub- 
total pyopneumothorax with or without mediastinal tension. 

lhe first two forms, which we have termed the adult type, can be 
ismissed at once, for there is nothing in the symptoms to distinguish 
them from other varieties of empyema. The history comprises the only 
basis on which the lesions can be suspected to be staphylococcic. As 
already stated, the history was suggestive of pulmonary metastasis in 
45.5 per cent of the adult cases. 

The third and fourth varieties, which we have termed the childhood 
f ype, present symptoms that range from mild to severe depending on 
the speed of the accumulation of pus with or without air in the pleural 
space. The severest cases are those in which the early rupture of the 
focus in the lung leads to air being blown into the infected pleura with 
a one way valve action. The shift of the mediastinum is rapidly progres- 
sive, with corresponding!}' increasing tension on the mediastinal struc- 
tures and embarrassment of the heart and of the opposite lung. The 
clinical picture is dramatic. The patient is a young child, or more often 
an infant, who has been ill only a few days. Suddenly there develop 
severe dyspnea, cyanosis, tachycardia and high fever. Within a few 
hours the child is in collapse, and death may ensue quickly with the 
manifestations of asphyxia. When death does not supervene the child 
remains cyanotic, dyspneic and toxic. Only rarely does gradual compen- 
sation for the abrupt shift of the mediastinum occur. There may be an 
interval of partial relief, followed by a recurrence of the extreme mani- 
festations. On examination the evidences of shift of the heart and 
of the trachea are found, together with the physical signs of air and 
fluid in the chest. If mechanical relief is not given, a progressive 
displacement of the mediastinum will be noted. In other cases empyema 
or pyopneumothorax has been present for several days with little o t no 
mediastinal tension, and the symptoms have been mild and insignificant. 
Suddenly the alarming symptoms supervene, and the child presents an 
urgent problem for relief. Other forms of pulmonary abscesses ruptur- 
ing into the pleura may present identical clinical pictures, but the occur 
rence in the early years of life, and particular!}' in infancy, is distinctive 
of the staphylococcic lesion. If, in addition, there is a history or c miCt 
course which suggests that the pulmonopleural lesion is metastatic am . 
of course, if there are other metastatic foci, there should be no coi 
as to the staphylococcic origin of the pleural infection. , 

Among the children in our series were 3 patients who ic * 
despite the evolution of other metastatic foci. On the other km . < 
child who presented no focus other than the pleura! one a 
of operation had metastatic lesions subsequently and ched with the 
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nicture of sepsis. It may be impossible to evaluate the relative nupnmnee 
of a staphylococcic pleural infection in a child. However, the m-»t 
important point we wish to make is that, on the basis «» «tr expernnues. 
the lesion should not be considered irremediable unless it is obumish .m 
incidental feature in generalized staphylococcic sepsis. 


ROENTGENOLOGIC ASPECTS 


In Adults . — The usual finding has been that of a sacculated collection 
of fluid or of air and fluid without distortion of the mediastinum. 
Five of the 11 patients presented well defined collections of fluid. !he 
sacculation may he lateral, mediastinal, supra*apical or infrapulmonary. 
depending on the site of the staphylococcic lesion in the lung. A small 
pyopneumothorax may simulate an abscess of the lung with a large 
collection of fluid and air. In our experience most sacculated large 
parietal collections of fluid and air arc in the pleura. Accurate roent- 
genologic localization is essential for correct and efficient drainage. 
From what has been said it is clear that the rocntgcnographic picture 
of staphylococci empyema or of pyopneumothorax in adults is not dis- 
tinctive. 

In Children . — The roentgenographic picture is more varied, in keep- 
ing with the differences in the pathologic processes in children that 
have been described. The characteristic feature seen in tire roentgeno- 
grams of children is a large collection of fluid and air with considerable 
displacement of the trachea and the mediastinum. The same condition 
is of course seen in other forms of ruptured abscess of the lung but it 
is so rarely due to other causes in children (especially in young children 
and infants) that it can be termed the distinctive feature of staphylo- 
coccic pyopneumothorax in the young. A careful inspection of the films 
will occasionally reveal more or less circular areas of rarefaction or of 
increased density in the pulmonary field adjacent to the pleural shadows. 
They represent, respectively, drained or undrained abscesses of the 
lung. The shadows are pathognomonic of staphylococcic infection under 
such circumstances, and, when present, offer valuable information 
regarding the extent of the pathologic process in the lung. Their absence 
does not, of course indicate an insignificant lesion in the lung, for the 
shadow of even a large ruptured abscess can be readily obscured bv 
pleural shadows. * 


When films are taken with the patient lying down, the fluid level 
may be completely lost and a correct interpretation of the pathologic 
processes in the pleura and of the changes in the mediastinum mav not 
be possible. It is therefore imperative that all films be taken in the 
upnght posture, even if it is necessary to support the patient Lateral 
films are as important as the anteroposterior or posted anterior vfew! 
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for lire accurate localization of encapsulated effusions. Postoperative 
1 1ms are often necessary for the purpose of checking up or for the 
dclci imitation of a site of retention of pus. These, too, must be taken 
m the upright posture. The introduction of iodized oil through a sinus 
m the chest is often of value in the roentgen visualization of residual 

pockets or of communications between the pleura and the bronchial 
tree. 


TREATMENT 

Sacculated Pyothorax or Pyopneumothorax (Adult Type)— These 
cases are raiely urgent. The lesion should be localized accurately by 
physical examination, fluoroscopy and roentgenogram, because entry 
into the free pleura by aspiration or at operation may convert the 
encapsulated abscess into total empyema. Sections of one or two ribs 
are excised for adequate visualization and drainage. After the cavity 
has been emptied by suction the space is inspected with a sterile light for 
recesses as well as for the site of rupture. The likelihood of biloculation, 
as pointed out in the description of the pathologic process, should be 
borne in mind, and the simple evacuation of a collection of pus should 
not be regarded as the end of operation until the absence of an additional 
pocket (or pockets) has been definitely proved. In the 11 cases in adults 
there was 1 death. The patient had bilateral pulmonary abscesses with 
multiple pleural encapsulations and died of metastatic staphylococcic 
abscess of the brain and meningitis. The conclusion that the adult 
type of staphylococcic pleural infection is a relatively benign lesion 
not calling for special consideration should not, however, be drawn 
from our small series of cases. In 2 instances it was necessary to split 
open the underlying abscess of the lung. Extensive excision of the 
ribs was required in several cases. Reoperation for additional pockets, 
probably overlooked at the original operation, has been necessary. We 
know of instances not included in this series in which chronic staphy- 
lococcic abscess of the lung and chronic pleural empyema remained 
after the primary operations. The operation for staphylococcic empyema 
or pyopneumothorax should be carefully and thoroughly carried out, 
with examination for an unruptured subpleural abscess of the lung 
and drainage of the abscess should one be present. At the end of the 
operation all recesses are packed with gauze (iodoform) to prevent 
pocketing. The packings can be left in place for several days, sometimes 
for a week or longer, and should be replaced only when loosened by 


discharges. 

Total or Subtotal Empyema or Pyopneumothorax (Childhood 

Tv pe). The minor procedure of closed drainage adequate!) cares or 

the acute pathologic process in the pleura, although later rcusion o 
t wound' is noAnfrequently required for cure. Open opernt, on ,n 
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the presence of an acutely displaced mediastinum is. of course not \n In- 
considered. The important point is that open operation is also contra- 
indicated with little or no displacement ot the mediastinum. 1 he h-asis 
for this statement is the difference that exists, in our opmmn. between 
staphylococcic and pncumococcic pleural infections. \\ lu-reas nu:<h- 
astinal fixation is apt to be present at a relatively early stage ot yueu* 
mococcic empyema, a similar fibrinopurulcnt Hiring exudate is iml 
to be anticipated at that time in staphylococcic pleuritis. l-urtlu-rmore. a 
condition that begins as staphylococcic empyema without mediastinal 
tension may at any time become one of pyopneumothorax with gieat 
mediastinal shift. In a number of our cases closed drainage resulted in 
the escape of pus with little or no air at first, to be followed later by 
the sudden discharge of large quantities of air when the abscess of the 
lung ruptured into the pleura. Severe and possibly fatal mechanical dis- 
turbance might have resulted from the rupture of such an abscess into 
an open wound, whereas respiratory embarrassment was minimal or 
lacking in the presence of closed drainage. 

The arguments advanced in favor of the treatment of empyema by 
aspiration cannot be applied with justification, in our opinion, to staphylo- 
coccic empyema or pyopneumothorax of childhood. The degree of 
suction employed to evacuate the pus may open a sealed-off bronchial 
communication or may widen an existing fistula. If the phenomena of 
mediastinal tension are not present they may be induced, or if present, 
they may be greatly increased. To indicate that this is not merely a theo- 
retical objection we refer to a case of staphylococcic empyema in a child 
not in this series (because not operated on) who went into collapse shortly 
after therapeutic aspiration was performed and died with the picture 
of respiratory distress. Disaster is courted each time that therapeutic 
aspiration is performed, and many aspirations would be necessary in 
the majority of cases in order to achieve a result. Furthermore, treat- 
ment by aspiration, whether successful or not, usually means prolonged 
morbidity, with its invitation to complications. This is a matter of 
considerable importance in sick patients, particularly in infants. Finally, 
unsuccessful treatment by aspiration is apt to result in multiple pleural 
encapsulations or a fixed collapsed lung, with a major surgical problem 
as the sequel. 


Closed drainage is a minor surgical procedure and, as has bee 
stated, it adequately cares for the acute phase of staphylococcic empyen 
or pyopneumothorax of childhood. The procedure, which can be ca 
ned out at the bedside, consists of a stab thoracotomy through a snv 
mtercostal incision. A catheter or small rectal tube i s introduced 
short distance within the chest and is connected with a length of rubb 

Y ng ii lY 6 Cn , d °! thC tUbe 1S placed under in a glass receptac 
** """ Mow the W The only feature of the operS 
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procedure to be stressed is the necessity of a snug fit at the exit of the 
drain from the wall of the chest. The tube itself or, better, a snug 
rubber cuff over the tube is securely fixed to the wall of the chest with 
strips of adhesive tape. Adhesive strips should also approximate the 
skin about the drain. 

The escape of pus (or air and pus) in the underwater drainage is 
usually profuse for the first twelve to twenty-four hours after opera- 
tion, gradually diminishing in amount in the succeeding days. With 
a considerable bronchial communication, however, large amounts of air 
may be discharged for days. We have already called attention to 
occasional cases of staphylococcic empyema in which only pus is dis- 
charged at first, to be followed, sometimes suddenly, by the escape of 
air. These are instances in which the underlying abscess of the lung 
ruptures into the empyema cavity after closed drainage has been estab- 
lished. It is our distinct impression that this accident has favorably 
influenced the clinical course when it has occurred under such circum- 
stances. 


The escape of air from the pleural cavity by way of a bronchial 
communication should not be confused with the leakage of air along the 
drainage tube. The latter is the most important complication after 
dosed drainage; the dangers inherent in a sucking rvound are too 
well known to be recapitulated. The chances of leakage along the 
tube are reduced by a minimal skin incision, the application of a well 
occluding dressing at the time of operation and meticulous attention 
to and observation of the drainage system after operation. The child 
should not be able to pull at the dressings, and alterations in position 
should not result in traction on the tubing. Sudden changes in the 
patient’s condition, with particular reference to dyspnea and cyanosis, 
should be reported promptly and should be as promptly investigated. 
They may be referable to a sucking wound or to obstruction of the 
drainage. The former is cared for by the introduction of a larger tube 
with strips of gauze packed between it and the edge of the incision in 
the soft parts. The arrest of a steady flow of pus in the first week 
after operation generally means plugging of the tube, which can usun \ 
be overcome by aspiration or by angulation of the tube, for w nci 
replacement may be necessary. We wish to emphasize our observation 
that the complete or almost complete cessation of flow of pus in t ie 
first days after operation has always meant retention of pus nit mi 


ie chest and not a premature cure of the empyema. 

The nursing staff should receive instruction for appropriate action 
, the event of one of two accidents that may occur in dosed drainage. 
Le is the escape of the end of the tube from beneath the water level 
he tube should be damped off (a damp is kept at the bedsi e ™ ‘- n 
iS es of closed drainage) and then reinserted into the water < 
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a receptacle situated well below the level of the chest. An additional 
piece of tubing can be attached by means of a glass connection. I lie 
second accident is a sucking wound following the escape of the tube 
from the wound in the chest. All dressings should be removed by the 
nurse unless a physician is immediately available, and the lips of the 
wound should be approximated until a tube can be reinserted. In our 
service, calibrated glass urinals arc used as the receptacles for closed 
drainage. The amount of drainage is measured and recorded daily. The 
urinal is then emptied and a measured amount of water introduced. 
The tube is clamped off by the nurse before the change is made. The 
clamp is not removed until the end of the tubing is in place below 
the surface of the water. We have given some space to the nursing in 
cases of closed drainage because correct appreciation by the nurse 
of the problems involved may be vital in an emergency. 

The duration of efficient closed drainage varies. In some cases the 
intercostsal drain becomes loose in a few days, and pus leaks along 
the tube. The drainage remains truly closed for an average of one 
week. After from seven to ten days, at which time the discharge of 
pus is usually slight, the mediastinum is probably more or less fixed. 
The tube can then safely be removed, to be replaced by a tube for open 
drainage. Revision of drainage by the excision of a portion of a rib 
is often necessary ; it was done in 60 per cent of our cases. 

The frequency of bronchial communication lias already been pointed 
out. Of the 11 adults 5 had bronchial fistulas at the time of the opera- 
tion and 3 presented fistulas subsequently. Of the 31 children, pyo- 
pneumothorax at the time of dosed drainage existed in 12, and bronchial 
communication appeared subsequently in 8. An actual or potential 
bronchial communication must therefore be assumed to be part of the 
picture in most cases of staphylococcic pleural infection. Accordingly, 
irrigation of the pleural cavity is absolutely contraindicated in the post- 
operative treatment. In none of our cases has the bronchial fistula been 
a special problem of management. Adequate drainage has meant early 
expansion of the lung, with spontaneous closure of the fistula as the 
result. The fistulas healed in all the patients and remained closed 
as determined by the follow-up. 


GENERAL TREATMENT 

The administration of oxygen with or without the admixture of 
carbon dioxide may save a life during the stage of acute tension 
A slow intravenous drip of a 5 per cent solution of dextrose 
and physiologic solution of sodium chloride is invaluable in Z 
treatment of the circulatory collapse that is so 

,hC ' eVete CMeS m maintained for many day, i” 
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several rases in our series and was, in our opinion, the decisive factor 
the jccovay of the patients after adequate drainage was instituted 
Tha adequate dran, age is essential for desperately sick infants should 
3C stressed. There is a current impression that infants in such a con- 
dition do not withstand operative procedure and therefore that the 
less done the better. Our experience has been that prompt and adequate 
drainage of the suppurative focus has given them their chance for 
recovery. Residual pockets after primary closed drainage must be more 
carefully watched for than in infants or in children who are not desper- 
ately 7 ill and must be more promptly 7 evacuated when found. The 
recovery of several children in our series can properly be ascribed to 
active surgical treatment combined with constant supervision by the 
physicians of the pediatric service. Staphylococcic empyema or pyo- 
pneumothorax should be treated only in the hospital, and the patient 
should receive there the constant vigilance of the nursing, pediatric and 
surgical staffs. 

COMPLICATION'S AND MORTALITY 


There was 1 death from cerebral metastasis among the 11 adults, 
to which reference has already been made. In another patient the blood 
culture was positive after drainage of the empyema, but additional 
metastatic foci did not appear, and the patient recovered. A metastatic 
abscess in a kidney developed in a third patient. Complications were 
much commoner in children. Of the 31 children, 10 presented other 
metastatic foci, chiefly 7 lesions of the bones and joints and abscesses in 
the soft parts. There were 13 deaths (mortality, 42 per cent). Almost 
exactly half of the children were under 1 year of age, and the mortality 
in the group of infants was 52.5 per cent. Autopsies were performed 
following 6 of the 13 deaths. The summary of the protocols is 
the best index of the gravity of staphydococcic pleural infections in 
childhood: (1) suppurative pulmonary focus and empyema on the 
opposite side; (2) suppurative pericarditis; (3) suppurative pulmonary 
focus and suppurative pleuritis on the opposite side and fibrfnopurulent 
pericarditis; (4) multiple abscesses in the opposite lung; (5) multiple 
perforations of abscesses of the lung and pericarditis with serous 
effusion, and (6) multiple perforations of abscesses of the lung and 


fibrinopurulent pericarditis.' # . . 

The comparative mortality in children in Mount Sinai Hospifa \u i 
the other varieties of pleural infection for the same years (from 19-b 
to 1932) as those for which the staphylococcic infections have been 
reported is worthy of note. The other infections comprised the pnetimo- 
coccic, streptococcic and anaerobic forms. There were no deans r on 
pneumococcic empyema or pyopneumothorax. In the S rou P " 1 1 s ^ r] 
tococcic involvement the mortality from empyema was 15 per cc ‘ 
from pyopneumothorax 25 per cent. The mortal, ty from aoaeroh.c 
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empyema (ruptured putrid abscess of the lung) was 30 per cent. 1 he so 
comparative figures offer further evidence that the staphylococcic infec- 
tions of the pleura should not be classified with the other pleural 
infections but should be considered separately because of their gravity 
or potential gravity. This feature should be added to those wc have 
described as distinctive in the etiology, pathology, clinical manifestation^ 
and treatment of staphylococcic pulmonopleural infections. 1 he mor- 
tality depends, then, on the dissemination of staphylococcic foci. ] here 
should be no appreciable mortality from staphylococcic empyema or 
pyopneumothorax secondary to a solitary abscess ot the lung when 
rationally conceived therapy has been employed. 


SUMMARY 


Staphylococcic empyema or pyopneumothorax is a definite entity, 
with distinctive features in etiology, pathology, clinical manifestations, 
treatment and mortality. 

The staphylococcus is the cause of the great majority of suppurative 
pleural infections in infants. 

The pulmonary lesion from which the staphylococcic pleural infection 
is derived is usually an abscess of the lung. The invasion of the pleura 
is by rupture of the abscess in the majority of cases. 

The evidence is often clear that a staphylococcic abscess of the lung 
with its complicating pleural infection is a metastatic lesion. Abscesses 
of the lung, with or without accompanying empyema, may be multiple 
and bilateral. The solitary abscess is analogous in origin and in patho- 
logic process to carbuncle of the kidney and can be termed carbuncle 
of the lung. 

Four clinical groups are described: sacculated empyema, sacculated 
pyopneumothorax, total or subtotal empyema with or without mediastinal 
tension and total or subtotal pyopneumothorax with or without medi- 
astinal tension. Communications with bronchi are present in the major- 
ity of cases in each group. 

The first two varieties, termed the adult type, present distinguishing 
pathologic features but are not distinctive clinically. 

The third and fourth varieties, termed the childhood type, are charac- 
terized by severe mechanical disturbances (dyspnea, evanosis and 
tachycardia) if there is tension on and shift of the mediastinum The 
lesion which requires relief most urgently occurs with earlv rupture 
of the abscess of the lung in infants or in young children 

Distinctive roentgenologic features of the childhood tvne are 
described. 


• ^ treatment of the adult type, rarely urgent, is by complete open- 

ing of the empyema through a liberal incision. The underlying abscess 
of the lung may require drainage. " s 
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Urgent treatment is often imperative for the childhood type. Closed 
drainage is employed, and the reasons therefor are given. Treatment 
by aspiration is unjustifiable for the reasons given. 

The treatment by closed drainage is given in detail. 

The general principles of treatment are stated. 

The complications and mortality are described. 
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REACTIONS OF CONTENTS OF JEJUNUM AND 
EXPERIMENTAL PRODUCTION OF 
PEPTIC ULCER 
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The clinician has believed for many years that in some way acid is 
a factor in the production of peptic ulcer. Many facts tend to conhvm 
this belief. The most important of these tacts are the following : LI lie 
typical lesion that is called peptic ulcer occurs only in that portion of 
the gastro-intestinal tract that can be exposed to an acid medium. 

2. Many patients with peptic nicer have a so-called hyperacid condition. 

3. A definite relationship exists between some of the symptoms of the 
condition, such as pain after meals, and the activities of the stomach, 
including its secretory function. 4. In many instances the taking oi 
food that will act as a buffer against acid or of medicinal agents that 
will neutralize acid gives relief from pain. 

Much of the recent experimental work on peptic ulcer also has 
tended to emphasize the great importance of acid as a factor in the 
development of peptic ulcer. Exalto 1 appears to have been the first to 
conclude from experimental investigation that jejunal ulcers develop 
after gastrojejunostomy as a result of the influence of the acid gastric 
juice on the intestinal mucous membrane. Mann and Williamson - 
drained the secretions that passed into the duodenum away from the 
. P° int of emergence of the gastric contents and substituted the jejunum 
for the duodenum in relation to the stomach. Lesions which both grossly 
and microscopically resembled peptic ulcers as seen in man developed in 
the transposed jejunum in most of the animals on which this operation 
was performed. Thus, a method was developed which made possible 
the experimental study of peptic ulcer. The results of the work of Mann 
and William son have been repeatedly corroborated and greatly added to 


This work was done at the Institute of Experimental Medicine, the Mayo 
Clmic. Rochester, Minn. The author now lives in Shanghai, China. J 
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on by other investigators, namely, Matthews and Dragstedt, 5 Morton* 
i IcCann,-’ Mann and Boliman," Weiss/ Neuman and others/ 

Mann and Boliman n developed a method of securing gastro-intestiual 
contents from any portion of the gastro-intestinal tract by anastomosing 
an isolated loop of intestine to the site of the tract from which it was 
desired to remove the contents, and by draining the contents through 
the transposed loop to the outside of the body. 

With the development of methods for the experimental production 
of peptic ulcer and for the repeated securing, under physiologic condi- 
tions. of specimens of the contents at various levels of the gastro- 
intestinal tract, it became possible to study the changes that occur in 
the reaction of the contents that pass over the ulcer-bearing area before, 
during and after the development of the ulcer. The purpose of this 
study was to determine the reaction of the contents of the jejunum 
before and after an operation which is usually followed by the formation 
of a typical peptic ulcer of the jejunum. 


EXPERIMENTAL PROCEDURE 

Five different experiments were carried out. The variations in the reaction of 
the jejuna! contents during fasting and following a test meal were observed both 
before and after an operation to produce peptic ulcer. All of the operations were 
performed with a sterile technic on healthy normal dogs that had fasted for from 
eighteen to twenty-four hours; the animals were anesthetized with ether. No 
clamps were applied to the intestines at any time. The anastomoses were made 
with two layers of no. 00 twenty day chromic catgut. 

The essentials of the surgical procedures were as follows: 1. A jejunal fistula 
was prepared by resecting from the ileum a loop from 12 to 18 cm. in length, from 
30 to SO cm. from the cecum. The continuity of the ileum was restored by an end- 
to-end anastomosis. The distal end of the isolated segment was anastomosed, 
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end to side, to the jejunum from s to 10 cm. helms- the he. mu » • ■ ■ 

proximal end was brought out through a stab wound on the anterior abdotn n.,1 
wall and fixed separately to the muscles. and to the shin. _. V'»r the 1 'uriur urn 
of jejunal ulcer the pylorus was isolated and sectioned, the du.-denal end un- 
closed and inverted and the jejunum was divided a short distance above the 
internal stoma of the previously made fistula. The distal end of the jrjuimm v..i- 
anastomosed, end to end, to the pyloric jnirtion of the stomach. The proximal end 
of the jejunum was anastomosed, end to side, to the terminal portion of the ihnni 
not more than 30 cm. from the cecum. 

For the first three days after each operation nourishment was provided dniU 
by two intravenous infusions of a 10 per cent solution of dextro-e in phy-iologic 
solution of sodium chloride, the amount being 10 cc. per kilogram of body weight. 
Then for a week the animals were fed only milk, syrup and water. Subsequently, 
thev were maintained on a diet consisting of biscuits, milk, syrup and water with 
an occasional allowance of lean horse meat. No coarse food was given. 

The animals regained their normal state of health alvout ten days after the 
first operation. After a brief period of training, each dog would lie quietly on 
its side while a specimen was being withdrawn. On each dog, two or three series 
of analyses of the jejunal contents were made each week, making a total of 
seventy-seven tests. Food was withheld for from eighteen to twenty-four hour- 
before each test. Samples were withdrawn every fifteen minutes by means nf a 
rubber catheter inserted through the transposed loop. The test meal consisted 
of 10 cc. of milk for each kilogram of body weight. The reaction of the jejunal 
contents was studied for half an hour with the animal fasting and then for two 
and one-half hours after the animal was fed. The hydrogen ton concentration 
of the samples was determined with the quinhydrotte gold electrode and the Leeds 
and Northrup potentiometer. If any trace of blood was present, the results were 
discarded. A total of nine hundred and twenty-four determinations were made. 


RESULTS 

The results of the experiments were definite (tables ] and 2). In 
normal animals the reaction of the jejunal contents in the fasting state 
was usually found to be a />„ of from 7.6 to 8.1. It was never more 
alkaline than p H 8.3 or more acid than />„ 6.91. The range of fluctuations 
during the intervals of fifteen minutes was between a />„ of 0.06 and 

of 0.41, with an average of 0.26, but it was observed occasionally to 
vary from 0 to 0.83. 

After feeding the reaction became more acid by an increase of the 

°J fro ™ 105 t0 lA6 - with an average of 1.3. The />„ was found to 
be about 7 or 7.8, with occasional variations to 8.28 and 5 2? as the 
extremes. The excursions in reaction occurred usually within a raiwe 
of p n between 1.09 and 1.8, with an average of 1.48. The widest raime 
of excursion m />„ observed was 2.64 and the narrowest range, 0 77 " 

• • Af r the us « al ^hie s and the variations in the reaction of the 
jejunal contents had been determined in a normal dog, an operation 
or duodenal drainage was performed. Shortly afterward each animal 
began to show a progressive loss in weight and a gradual • 

weakness. The periods between the time of the last operation andthe 
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time of the animal’s death .eve twenty-three. tlum-twm thirty-lhi . 
forty-one and seventy-five days, respectively. At necropst a i «» 
ulcer was found in each instance and it was almost always situated . 
the posterior wall of the jejunum just distal to the pastvnjcpmal stoma. 
The dimensions of the craters varied markedly. One m the uliets 
(figure) had perforated, and the base of another was adherent to the 
duodenal stump and to the greater omentum. In one case a kissing 
ulcer" was present simultaneously, whereas in two other eases there were 
areas of erosion of the mucosa of the pyloric portion of the stomach 

(table 3). 

In the same animals, after surgical drainage of the duodenum, the 
reaction of the jejunal contents in the fasting state was observed to be 



Photograph of specimen obtained at necropsy twenty-three days alter surgical 
drainage of the duodenum. The stomach is on the right and the jejunum on the 
left. The probe indicates the location of the internal stoma of the jejunal fistula. 


usually a p n of from 5.5 to 7.9, with values of 2.44 and of 8.32 as the 
extreme variations. Within fifteen minutes the readings revealed a 
difference of from 0.14 to 1.33, with an average />„ of 0.85. The greatest 
amount of oscillation was 5.21 and the least, 0.02. 

Rapid fluctuations occurred following a meal of milk. The />„ value 
showed a reduction from the fasting level of from 1.4 to 3.6. with an 
average decrease of 2.2. The reaction ranged from p n 5.2 to 6.9. At 
times an alkalinity of p H 8.33 or an acidity of p u 1.71 was noted. The 
most acid reaction was found either when the animal was fasting or at 
some time after feeding. The range of fluctuations in p n was between 
1.93 and 4.26, with an average of 2.87. Occasionally as much variation 
m reaction as 5.53 or as little as 0.74 were observed. 
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COMMENT 

The purpose of making this investigation was to answer the following 
questions : 1. Are there any changes in the reaction of the jejunal con- 
tents after they pass over the ulcer-bearing region of the jejunum before 
and after an operation that almost invariably is followed by the develop- 
ment of a peptic ulcer? 2. Are there any significant changes in the 
reaction of the jejunal contents preceding, during or after the develop- 
ment of a jejunal ulcer? 

Concerning the answer to the first question, the results were definite. 
In these experiments the jejunal contents which were propelled over the 
site where the ulcer developed were definitely more acid than normal. 
It was also found that the fluctuations in reaction both in the fasting 
state and after feeding were much wider after the operation for the 
production of ulcer. It is justifiable to conclude, therefore, that the 
ulcer developed in a mucosa exposed not only to a more acid medium 
but to one in which the fluctuations of acidity were greater than normal. 

It was not possible to obtain a definite answer to the second question 
because of the impossibility of determining the exact time at which an 
ulcer began to develop. However, a sufficient number of tests were 
made during the period of survival after the last operation so that if a 
significant change in acidity had occurred it would have been observed 
in some of the animals. Although the difference in the reaction of the 
jejunal contents before and after the operation for producing ulcers 
was definite, no significant change was noted in the reaction of the 
jejunal contents immediately after operation and later when an ulcer 
either was developing or had developed. In these experiments there 
did not appear to be any change in acidity that would indicate the time 
at which the ulcer began to develop, nor did the reaction of the jejunal 
contents change after the ulcer was actually present. 

SUMMARY 

Experiments were performed to determine the reaction of the jejuna! 
contents in fasting animals and in the same animals after a test meal, 
both before and after an operation was performed for the production 
of jejunal ulcer. It was found that the mucosa of the jejunum m the 
ulcer-bearing region is exposed to contents that not only are more acic 
than normal but show a much wider range of fluctuations m reaction 
both in the fasting state and after feeding. No definite changes m the 
hydrogen ion concentration of the jejunal contents u ere notec prec c 
ing, accompanying or following the development of an ulcer. 



TUBERCULOSIS OF A DIAl’HNMS 

REPORT OF A CASK 

GEORGE E. 1'ENXETT. M.D. 

,\xt> 

H. ARYAN JONES. M.D. 

PA1-T1M0HF. 


While there have been numerous reports nt cases <>t^ tuberculous 
lesions ot the diaphvsis of a long hone in the Uerman and hrench litera- 
ture, references to’ such lesions in the American journals have been 
rare. It is because of the comparatively few reports found in the 
American literature and because of the extreme difficulty in the diiteicti- 
tial diagnosis that we have been prompted to report the occurrence of 
a fulminating type of diaphyseal tuberculosis that remained unrecog- 
nized prior to the postmortem examination. 


REPORT OK CASK 


History . — A colored man, aged 22, was first seen in the outpatient department 
on April 13, 1932, complaining of pain in the left knee. 

The family history was unimportant. The patient’s general health had always 
been good, and he had had no acute illnesses except an attack of grip in December 
1931, at which time he was ill for about four weeks. He frequently had colds in 
the chest during the winter months, and on several occasions he expectorated blood. 
He said that he had never had a venereal disease. He had undergone no operations. 

He had had pain in the left knee for four days, sudden in onset and initiated 
following a misstep on descending a Right of stairs. There had been no 
swelling of the knee and no subjective fever or chills. The pain was worse at 
night — severe enough to keep him awake — and he stated that he had had sweats 
at night during the past three weeks. He had lost about 12 pounds (5.4 Kg.) in 
weight during the two months preceding admission. He had no cough, and the 
other systems were normal. 

On examination the patient was found to be a well developed and fairly well 
nourished young colored man. The examination gave negative results, except for 
pain in the left thigh on abduction of the leg. Roentgenograms of the hips and 
pelvis revealed no abnormalities. The Wassermann test of the blood was negative. 
The patient was given salicylates and advised to apply heat locally. He returned 
to the dispensary at weekly intervals until May 4, when examination revealed an 
indurated, tender and fusiform swelling in the middle third of the left thigh, with 
a palpable thickening of the midportion of the shaft of the femur. The tempera- 
ture was 100 F., and the pulse rate, 110. Roentgen examination revealed forma- 
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tio" of periosteal new bone, beneath which there were several small area, 

olT'th-ck” ‘"i tU \ C ° rtCX J) ‘ A r ° entgen examination of the chest showed an 

old, thickened pleura at the base of the right lung. 


Clinical Course — The patient was admitted to the hospital on May 4. Physical 
examination revealed nothing in addition to the conditions previously noted The 
blood showed 8,160 white cells, with 78 per cent polymorphonuclear and 78 per 
cent hemoglobin. Urinalysis revealed nothing of importance. On the evening of 
the day of admission, the temperature rose to 104 F. (rectal). On the following 
day an exploration of the region of the middle third of the left femur was made” 
and at the site of enlargement some boggy, purplish granulation tissue was found 
over the anterior and lateral aspects of the shaft. There was no free pus, and a 
smear made at that time showed no organisms. A culture and a section of bone 
and granulation tissue were obtained. Frozen section showed granulation tissue in 
which new blood vessels and fibrosis predominated. There was no infiltration of 
round cells to bear out the presence of infection and no proliferating tissue suggest- 
ing a tumor. The bone was not drilled because the operator thought that the lesion 
grossly suggested sarcoma, though the sections were suggestive of a subacute 
osteomyelitis ; the wound was closed without drainage. 



Fig. 1. — Roentgenogram of the left femur, showing destruction of the sub- 
cortical and medullary bone with proliferation of the periosteal bone in the mid- 
shaft. 


Within twenty-four hours the culture was reported as showing Staphylococcus 
aureus. Because of this report and the report on the frozen section, on the dat 
following the operation the wound was opened and treatment with maggots 
instituted. After eleven weeks the wound healed, and the patient was dischargee 
from the hospital on July 20. During the period of hospitalization, the patient 
continued to have fever, the temperature ranging from 99 to 102 F. even until the 
time of his discharge ; but nothing could be found to explain this occurrence cxcep 
that the roentgenograms taken at intervals of from three to four weeks s iov.« ; 
increasing destruction of the middle third of the shaft of the femur wit i consu cr 
able new formation of bone, despite the healing of the soft tissues (fig- -)■ 

Twelve days following his discharge from the hospital, the patient re urnu 
the dispensary complaining again of considerable pain in the !e t t a " ( ® 
examination a fluctuant swelling was found beneath the healed scar or ' , 

aspect of the midthigh. The patient was readmitted to the hospital mi A * 
His temperature on admission teas 104 F. The ienkoevte »» »“ ;; ■ £ 

operation on Augos, 8, about 60 cc. of brononsb 
obtained The exposed bone was found to be thickened and m < 
a«e A large portion of the lateral trail of .be eoric.t .» «* ' “ 

“moved and .be medallarr cavity exposed. Xo sepnesmnns were «« 
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scopic examination of the operative specimen revealed a chronic inflammatory 
process. Treatment with maggots was again instituted for a period of eight 
weeks, with no improvement locally or generally, and an nnremiUcni, hectic type 
of fever continued throughout this period. Cultures of tin- Idood repeatedly trace 
negative results; urinalysis revealed nothing abnormal, and the hemoglobin diopjxd 
to 67 per cent. A large abscess developed at about this time over the medial a ••pi 1 1 
of the middle third of the thigh. Although the wound over the outer ;i»|ktI of 
the thigh remained wide open, it was fell that the femur was not heing adequately 



Fig. 2. A, anteroposterior, and B lateral . ~ 

showing an increasing amount of destruction of Z Tu^-T ° f thc left fem ”C 
tion of new bone. e with considerable forma- 

drained, and on October 6, at operation i 

extensive saucerization of the upper two thirds*? thT^ eVacUated ’ and an 

this time the peculiar character of the lesion wa ^ ^ mUr W3S P erfor med. At 
numerous multilocular, small cavities ofZefiU " 0ted ’ for there were 

fssue, and the bone was eburnated andtmin t ^-ulation 
Microscopic examination of the oneratb • d ' No Eec l ues tra were found 
considerable 6b ,o„s _ „ a dense fcJ’S 

cortical bone was curiously dis- 
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(ortcd, the usual spicules being replaced by a labyrinth formation. Granulation 
tissue was noted in the marrow spaces. No tubercles were seen (fig. 3). 

Following this operation there was a rapid, down-bill course. The patient’s 
hectic fever remained unaltered, and repeated blood transfusions gave only a 
temporary general relief. Early in November a cough developed, and while clin- 
ically the examination of the chest showed nothing abnormal except an old, 
thickened pleura at the base of the right lung, roentgenograms revealed a begin- 
ning infiltration of both apexes. On November 27 the patient suddenly became 
unconscious and had five convulsive seizures at intervals of about one hour, with 



i rzz: — — 

■p; roentgenogram of the left femur made at the time of the last opera- 

cavities oi J. * 

iajsrsuss z «*** **— ^ 

the bone. 

involvement of tl.e left side of the 

hours, he regained consciousness, an » P ^ ^ intracra nial lesion untd 

hours, he remained free from symptoms sug„ eadaclies with occasional vom- 

December 25, when he began to complain of se sign on tlic 

Examination revettled be s i„ ™ c Mte tj ,K »d • 

- - 
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showed that the right ventricle was slightly irregular in outline. The |>:iticn! 
gradually became comatose and incontinent; marked spasticity of the csttcmitir 1 - 
and edema of the eyelids developed, and he died on Jan. 5, 11*33. 

Macroscopic Postmortem Examination . — The lungs were dcm-clv ndheten! to 
the parietal pleura and showed rather extensive tuberculosis, parliculatly in tin 
upper lobe of the left lung, where, anteriorly and about <> cm. from the apex, there 
was a cavity 3 cm. in diameter, with a tough, caseous lining. The peribronchial 
and mediastinal glands contained yellow, caseous tubercles but no calcification. 
Scattered tubercles were found in the spleen, kidneys and liver. Minnie miliary 
tubercles were not seen. The brain showed tuberculous mcniugiti'-, rather marked 
over the dorsal surface of each hemisphere and particularly severe on the left side. 
Two rather large tubercles, one 8 mm. and the other 4 mm. in diameter, well 
encapsulated, were found within the brain substance, in the left parieto-occipital 
region. On the medial surface of the left hemisphere just above the corpus callosum 
was a caseous mass which extended to the meninges. On further section it appeared 
that all of these caseous masses were part of one irregular nodule. 

The left femur showed an extensive lesion involving the middle [Kirtion of the 
bone, beginning 10 cm. from the head of the hone and extending to within 12 cm. 




*#*!!*> 
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Fig. 4. The femur grossly, after division through its lo.tgitudiual axis. 


of the knee joint. The greater part of the middle of the U 
a layer of be « aloog ll„ modi.l aspect aboat 1 

of new bone formation. The lower nart nf i r. , , , Ck s ami suggestive 
a large central cavity. This cavity was about 10 cm ^ ^ P rotril<ii »K into 

with formation of new bone about’it. The cavitv was r ’ and 3 C '"' in widt >». 
caseous layer about 1 mm. in thickness \b ' ,i " 1C ' >y 3 - vcllovvis b. opaipie. 
induration and thickening of the periosteal ,•« !l C .. CaV,ty tilcrc wer e extensive 
tudinallv, there were mam- ^ b ° ne *** »«««!■ 

through the new-formed bone communicatin' with ah^’ ^ ? eVCraI sin,,scs ra " 
and without (fig. 4). ° th abscess Cities within the bone 

Microscopic Postmortem Evammatin,, mi 
lungs, but there were also large areas of cas T,ere " ere S ° mC °’ d Ulberc les in the 
as mentioned in the report on the macroscop.T ex^T' 3 ' Tubercles "'ere found, 
kdneys. Fresh caseous tubercles were found the liver - spleen and 

substance ,n the occipital region. In theleftfe" in the brain 

marrow was fatty, though there were a f P , l the sections showed that the 
5 S denSe ’, and within *e canals there we're’ fibrf °!- bI ° 0d f ° rmatio ’ 1 ' The bone 
the !-’° n tlSSUe C01,tai,,cd many tubercles t 1®.^ granulation tissue. 

hC SranUlat ’ 0n tlssue ta ^ from the^ opSS Were al *° found in 

am e wound and m material from the 
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Fig. 5. — Photomicrograph of a postmortem specimen of the left femur. The 
section shows granulation tissue, a little caseation and several tubercles. 



pjg 6.— Photomicrograph of a section of the material 
autopsy, showing a typical tubercle. 
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draining sinus over the medial aspect of the leg. There were a 
which appeared to be rather hard; they were seen in a section 
gland taken from the left groin (figs. 5 and 6). 


few small tubercles 
made from a lymph 
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COM MKNT 

Tuberculosis of the diaphvsis of a long bone is exceedingly «blt!- 
cult. almost impossible, to differentiate roentgenograph wally irnm a 
similar lesion produced by syphilis or a maligant process. I Ins rliflictilty 
was especially emphasized bv Lovett and Wolb.tch in 1.L0 and In 
Bromer and Downs 8 in 1933. A study of the roentgenogram repro- 
duced in figure 1 illustrates the difficulty in a differentiation between 
subacute osteomyelitis and sarcoma. Against osteogenic sarcoma arc 
the nature of the periosteal reaction and the extension and also the 
localization of the destruction of the bone immediately beneath the 
cortex. However, such a lesion is suggestive of hwing s tumor. 

Clinically, we knew that we were dealing with an obscure type of 
lesion, but, unfortunately, because we did not suspect tuberculosis. Un- 
usual laboratory procedures of inoculation of guinea-pigs and staining 
of sections for tubercle bacilli were not carried out. Moreover, tin- 
pathologists found no suggestion of tuberculosis from tile many opera- 
tive specimens. The tuberculous character of the lesion was not demon- 
strated until the postmortem examination, when the lesion of the femur 
suggested, grossly, tuberculous osteomyelitis, and this diagnosis was later 
confirmed by the microscopic sections. 

The tuberculous nature of the lesion having been demonstrated at 
the postmortem examination, many more sections were cut from the 
old operative specimens, and in some of these sections areas were found 
which were realized to be tubercles. The making of a correct diagnosis 
pathologically prior to autopsy would have been most di Iff cult, owing 
to the sparse and atypical areas of tuberculous structure. 

The question may pertinently be raised as to whether or not this 
was a superimposed tuberculous infection resulting from a general dis- 
semination. Clinically, there was no evidence of a dissemination of 
this sort until a few weeks after the last operation, for until that time 
the patient’s general condition had been satisfactory. The pathologic 
evidence against such a dissemination is more conclusive since minute 
miliary tubercles were not found and since the character of the tubercles 
found in the femur was different from that of the tubercles found else- 
where. Those in the sections from the femur were old in appearance 
with epithelioid and giant cells, whereas the sections from the lung and 
bram showed considerable caseation and few giant cells. While we do 
not conside r the tuberculosis of the femur to be a primary focus, 

1. Lovett R W, and Wolbach, S. B.: Roentgenographic Appearance Dm 
ObS. 31.m W20 Sy ° 5 S ° me ° bSCUre CaS6S ° f B ° ne Lesi ° nS ’ Sur - Gynec. & 

Ro ^ R: TUberCU ’ 0SiS ° f the Di ^ Am. J. 
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because the old hilus glands and thickened pleura seem to antedate this 

d L ?U aS tlC P . atie f’ s acute ,llness was concerned, we believe that the 
chffcienriation in the character of the tubercles designates the osteo- 
myelitis as the initial lesion. 


Jn classifying this case, CaanV modification of Kuttner’s 4 classi- 
fication, that of tuberculosis of the shaft of the central type, in which 
t ic caseating lesion has been modified by a marked periosteal reaction 
seems to be most descriptive. It also closely resembles the description’ 
given by Schinz,'' that of an osteosclerotic type of tuberculosis of the 
bone affecting the shaft of a long bone but not involving the joints, 
with an appearance of the cortex undifferentiated from the periosteal 



Fig. 7. — High power photomicrograph of a specimen from the last operation 
(Oct. 5, 1932). The section shows the granulation tissue with formation of 
tubercles. 


stratification spread out in multiple foci over the shaft. This was par- 
ticularly noteworthy and most descriptive of the appearance of the 
femur at the last operative procedure in this case (fig. 9). 

We should like to emphasize the extreme difficulty in the differentia 
diagnosis of tuberculosis of the shaft of a long bone, as exemplified 


3. Caan, Paul : Die Schafttuberkulose der langen Rdhrenknochcn, Rcitr. 7 - 
klin. Chir. 128:691, 1923. 

4. Kiittner, H.: Die Osteomyelitis tuberkulosa der Schafte langer > 

knochen, Beitr. z. klin. Chir. £4:449, 1899. r Tinenic 

5. Schinz, H. R.: Lehrbuch der Roentgendiagnostik, Le.pz.g, Geo r, uni . 

1928; quoted by Bromer and Downs. 
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hv this report. This difficulty and the infrequent occurrence of the 
condition lead one to consider tuberculosis as a possible cause of every 
obscure diaphyseal lesion. 

SUMMARY 

.'V case is presented in which there was an obscure and fulminating 
destructive lesion of the shaft of the left femur and in which operations 
and general supportive measures seemed to have only a slight effect, the 
last surgical procedure being followed by a rapid decline and death. 
Postmortem examination revealed previously unsuspected tuberculosis 
of the left femur and also tuberculous lesions in the brain, the lungs 
and other viscera. Further pathologic examination of the old opera- 
tive specimens in the light of these observations demonstrated the exis- 
tence of primary tuberculosis of the shaft of the femur. 



HISTOLOGIC EFFECTS OF INTRAVENOUS SiM.F.KmS- 
ING SOLUTIONS ON SUBCUTANEOUS 11SMV.S 


HOWARD R. MAHORXRR, M.D. 

AN!' 

ALTON OCHSXER. M.D. 

NEW OR1.EANS 


Injection into varicose veins of the lower extremities has heeonte the 
most popular and is undoubtedly the best method of treatment in ml.st 
cases. In a previous paper by Garside and one of us ( < ichsneij ' atid 
in a previous paper by us 5 the results of histologic studies of the effects 
of intravenous injection of twenty-nine sclerosing solutions are reported 
in detail. In each of those papers attention was called to the fact that 
the endothelium was partially or completely destroyed by an effective 
thrombosis-producing agent, and mention was made of the tact that 
such destruction was essential for the precipitation of a thrombus. In 
our last paper - we also showed that the effect of some sclerosing agents 
was not only the destruction of the intima hut also at limes the produc- 
tion of coagulation necrosis of the media. The intima. when sufficiently 
injured, disappeared so that it was not possible to observe the results 
of the action of the sclerosing solution on the cells. Because of the 
destructive effect of sclerosing agents on the endothelium of the veins 
and as an accidental perivenous injection of the sclerosing substance 
occasionally occurs clinically, it was considered expedient to investigate 
the effect of sclerosing solutions on extravascular cells. 


METHOD 


Dogs were used as the test animals. At four separate points on each side of 
the ventral thoracic and abdominal wall 2 cc. each of eight of the sclerosing solu- 
tions to be tested was injected subcutaneously. Thus each dog was given eight 
injections, each of a different solution. The areas into which the injection was 
made was carefully marked with black paint, and subsequently each area was 
observed and repainted if necessary. Five dogs were given injections of each 
solution. The solutions used were: sodium salicylate, 40 per cent; invert sugar, 
75 per cent ; quinine and ethyl carbamate (urethane) ; equal parts of dextrose, 50 
per cent, and sodium chloride, 30 per cent; sodium morrhuate (Searle), 5 per cent: 
sodium gynocardate, 3 per cent; sodium gynocardate, 5 per cent, and sodium 
hydnocarpate, 5 per cent. The animals were killed at one hour, twelve hours, 
twenty-four hours, four days and ten days following injection. Thus a piece of 
skm together with subcutaneous tissue was obtained for each of the sclerosing 


From the Department of Surgery, Tulane University School of Medicine 
1 Ochsner, A., and Garside, Earl: The Intravenous Injections of Sclerosing 
Suig Se:©! m2 Comparative Study of Changes in the Vessels, Am! 

2. Ochsner A., and Mahorner, H. R. : Studies of the Comparative Value of 
Intravenous Sclerosing Substances, Proc. Soc. Exper. Biol. & hied. 30:1180, 1933. 
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solutions for each period of time. In addition, in two extra dogs 2 cc of turpen- 
tine was injected at five points, and the areas into which the injections were made 
were removed subsequently at intervals of time corresponding to those at which 
the other animals were killed. 

. Sections from the blocks of skin and subcutaneous tissue were stained for 
microscopic study with hematoxylin and eosin and Van Gfcson’s connective tissue 
stain.-" 


Jn studying the sections the different changes were graded 0, 3, 2, 
3 and 4, 1 designating a slight change and 4 indicating a complete change 
in the area involved. On each section observation was made and 
recorded in grades for each of the following changes: hyperemia, edema, 
leukocytic infiltration (neutrophils), pyknosis, karyorrhexis, karyolvsis, 
coagulation necrosis, connective tissue proliferation, fibrosis, thrombosis, 
injury to the cutis vera (ulceration), hemorrhage, disappearance of fat. 
lymphocytic infiltration, liquefaction necrosis and the presence of wan- 
dering cells. 

The type, though not the grade, of the reactions induced by each of 
the sclerosing solutions was similar. The varying grades of reaction 
are shown in the table. The type of reaction, graphically illustrated in 
figure 1, is as follows: 



Fig. 1 . — Graphic representation of the type of histologic changes occurring hi 
tissue after subcutaneous injection of sclerosing solutions. The ordinate represents 
the grade of reaction, grade 4 being marked and grade 1 slight. «• a >sc, ^‘ 
represents the time up to ten days at which the tissue was removed. - e "’ a ' ‘ ' 
present one hour after injection, but leukocytic infiltration was noticed l oi > ■ 
twelve hours and gradually subsided after twenty-four hours. Coagulation ^ 
was noticed in tissues removed after one hour and was gra ua j 
liquefaction necrosis. Fibrosis was most marked after ten days. 

2» Stair deeply in Delafield’s alum hematoxylin; wash; stain in a cc.‘>i 
J n!^ent aqueous solution of acid fuchsia and 100 cc. of saturated aqueous solu- 

irjrsssz. ***** »■ *“»'• c, “ r in 


















MAHORSER-OC11SKER — SCLEROSIS Ci SOl.lTIOSS H7 

One u 0 ur . — After one hour the tissues in the area into which mj.-f- 
... markedly edematous, and the vessels showed a 


Besides these changes, there 


tion was made were markedly edema 
moderate amount of hyperemia (fig. 2). 
was disappearance of the nuclei tkaryolysis; coagulation neeros.s [ ips. 

2 and 3]). The remaining outlines of tlie cells were swollen. 1 ins 
necrosis of cells was found to be complete (grade -1) after the injection 
of 5 per cent sodium gvnocardate. and marked (grade 3) after the 
injection of 5 per cent sodium morrhuate (Searle). -10 per cent sodium 
salicylate and 3 per cent sodium gvnocardate. It was graded only 1 in 
tissues into which quinine and ethyl carbamate and 5 per cent sodium 
hydnocarpate were injected, and there was no disappearance of nuclei 
in sections into which equal parts of SO per cent dextrose and 30 per- 
cent sodium chloride had been injected. 1 here was no cellular exudate 
in any of the sections. 

Twelve Hours . — The most obvious difference between the sections 
obtained one hour after injection and those obtained twelve hours after- 
ward was the presence of cellular exudate in the latter. I his was mani- 
fested in the section by a solid wall of leukocytes about 1 mm. in width 
that surrounded the necrotic area on either side (figs. -I and 5). This 
resembled a small sterile abscess with necrosis of the tissue in the center 
surrounded by a zone of neutrophilic leukocytes and in turn circum- 
vented by an area of hyperemia and edema. At this stage the edema 
had subsided somewhat, but liquefaction necrosis was not evident. 

Tzventy-Four Hours . — After twenty-four hours beginning liquefac- 
tion of the necrotic area was observed. Disappearance of fat was obvi- 
ous. The surrounding zone of leukocytes was still manifest and in most 
of the sections was identical with that in the sections obtained twelve 
hours after injection. In some instances beginning proliferation of 
fibroblasts was observed in the area surrounding the zone of leukocvlcs. 
Edema and hyperemia were less marked. The processes of repair were 
beginning. 

Tour Days. After four days hyperemia and edema were onlv slight. 
1 he leukocytes had not entirely disappeared, but there was an appre- 
ciable diminution in their numbers. The necrotic central zone had 
become liquefied, and in it were observed onlv cellular detritus and a few 
leukocytes (figs. 6 and 7). Proliferation of connective tissue around 
this zone was more marked, and the new connective tissue cells were 
more mature. A few large wandering cells were observed in some of 
te sections. It was evident that nature was repairing the injury by a 
connective tissue scar. * ' 


Ten Days .— The typical change observed after ten days consisted 
oi fibrosis at the site of injection together with absence of fat (fig 8) 

h r ve r § r 01 infia ; nmation O eukoc ytes, edema and hvper- 
cmuO had usually disappeared, and a scar, the sta<*e of * ' P 


repair, was all 




Tig. 4. Photomicrograph of tissue removed twelve hours after the subcutaneous injec- 
tion o 5 per cent sodium gynocardate, showing a central necrotic area surrounded by a zone 
o leukocytes (marked with arrows). Thrombi are present in the vessels in the necrotic area. 



pig. 5 . — Higher power photomicrograph of the edge of the zone of leukocyte.-. ^ 

figure 4 by arrows. The necrotic area, in which there is an occasional leukocyte, r- •' 1 
bordered by the zone of leukocytic infiltration. 



Fig 6 —Photomicrograph of subcutaneous tissue four days after the injection 
of 3 per cent sodium gynocardate. The central area has undergone l,.|nc.act«on 
and is surrounded by a fibrous wall (indicated by arrows'). 



Fig. 7.— Higher power photomicrograph of the edge of the fibrous wall and 
central area shown in figure 6. Cellular detritus and a few neutrophils are shown, 
bordered by the fibrosed area. 
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there was to be found. In a few of the sections slight evidence of 
exudative reaction remained. 8 aence 01 

Other Changes. Hemorrhage : Hemorrhage was observed in but 
twelve of the seettons. It was never .narked and ...ay have bee," to 
to injury of a vessel at the time of injection. 

Lymphocytic Infiltration : Lymphocytes were noted in small mim- 
beis m four of the sections obtained four days after injection, in three 
of those obtained after ten days, and in one (5 per cent sodium hydno- 
carpate) of the sections examined after twenty- four hours. 



Fig. 8 . — Photomicrograph of subcutaneous tissue removed ten days after the 
injection of 5 per cent sodium morrhuate (Searle). An area of dense fibrosis is 
seen. 

Thrombosis : Thrombosis tvas found in the small veins and arteries 
•of a necrotic area after injection of 40 per cent sodium salicylate, 5 per 
cent sodium gynocardate, 5 per cent sodium hydnocarpate and quinine 
and ethyl carbamate. It was the result of injury (necrosis) to the 
wall of the vessel. That it was not observed after injection of the other 
substances is no indication that it does not occur. Conversely, the 
occurrence of thrombosis is no indication of the thrombus-producing 
efficiency of the solutions . because vessels of an appreciable size ma\ 
not have been present in the injured area observed or solutions mu\ 
not have come in contact with the wall of a particular vessel in sufficient 
concentration to produce necrosis. Thrombosis as well as fibrosis uftir 
extravascular injection of sclerosing solutions into the tissues is of prae 
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tical importance in the treatment of hemorrhoids hy injection when the 
case falls in the category of the carefully selected few suitable for that 

type of treatment. 

Injury to the Cutis Vera: Ulceration was observed only twice after 
injection of the sclerosing solutions, vi7... in the section obtained twenty - 
four hours after the injection of 40 per cent sodium salicylate, ami m 
that obtained ten days after the injection of equal parts of .1 per cent 
dextrose and 30 per cent sodium chloride. These two instances we do 
not regard as evidence that the 40 per cent solution of sodium salicylate 
and the solution of equal parts of 50 per Ant dextrose and 30 per cent 
sodium chloride are more likely than other solutions to produce ulcera- 
tion after a technical error in injection. As a matter of fact, these 
solutions, especially the latter, produced less necrosis of tissues than did 
the others. The ulceration in these instances probably resulted from the 
fact that the solutions were injected closer to or partially into the cutis 


vera. 

Effect of Injection of Turpentine. — As subcutaneous injections of 
turpentine have been made to produce a sterile abscess, the effect pro- 
duced by the injection of turpentine was compared with that produced by 
sclerosing agents. Two cubic ccntimdcvs of turpentine injected sub- 
cutaneously produced more extensive and more complete destruction 
(necrosis) of tissue than did the eight sclerosing solutions. Moreover, 
the inflammatory reaction was more marked and evidently more pro- 
longed. Of three areas permitted to remain four days or longer after 
the injection of 2 cc. of turpentine subcutaneously, all showed ulceration. 
The fibrosis resulting in the deeper tissues was more marked titan that 
noted after the injection of the sclerosing solutions. Turpentine injected 
subcutaneously produces a sterile abscess with marked inflammatory 
reaction and ulceration of the skin. 


COMMENT 

In the intravenous injection of sclerosing solutions it is necessary 
for the endothelium to be destroyed for the precipitation of a thrombus! 3 
So the solution used should have the property of injuring cells hy direct 
action. That the commonly used solutions do have this property 
has been definitely shown in this study. Necrosis of the cell is produced 
The amount of material used clinically for injection has no systemic 
reaction but is sufficient to injure the endothelium locally. Clinically it 
is obviously of value to occlude by pressure the vein above and 'below 
the area into which the injection is to be made and to maintain this occlu 
sion for a few minutes in order to allow time for action of the 
solution on the intima in that vicinity. Complete circumferential destruc- 
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lion of the mtmia and adherence of the clot to the wall of the vein 
insure less chance of recurrence of varicosity. 

Perivenous injection of sclerosing solutions produces thrombosis and 
scarring and from the experimental evidence described is a rational 
method for the treatment of hemorrhoidal varicosities by injection in 
that relatively small group of cases clinically suitable for this type of 
treatment. 

Whereas it is difficult from our stud)' to state definitely any indica- 
tions as to the relative efficiency of the sclerosing solutions studied, we 
observed that 5 and 3 per cent sodium gynocardate, 5 per cent sodium 
morrhuale (Searle) and 40 per cent sodium salicylate produced a more 
severe degree of necrosis than quinine and ethyl carbamate, and 5 per 
cent sodium h) r dnocarpate, which in turn produced more complete necro- 
sis than 75 per cent invert sugar and equal parts of 50 per cent dextrose 
and 30 per cent sodium chloride. Though no definite conclusions can 
be drawn from this, when comparing this fact with the results of our 
former study on the thrombus-producing efficiency of sclerosing solu- 
tions 2 we find that there is a similar gradation of effectiveness. 

SUMMARY 

Two cubic centimeters of the following sclerosing solutions was 
injected subcutaneously at different points into dogs : sodium morrhuate 
(Searle), 5 per cent; sodium gynocardate, 5 and 3 per cent; sodium 
hydnocarpate, 5 per cent ; quinine and ethyl carbamate ; sodium salicyl- 
ate, 40 per cent ; invert sugar, 75 per cent, and equal parts of dextrose, 
50 per cent, and sodium chloride, 30 per cent. The areas into which 
the injections were made were removed after one hour, twelve hours, 
twenty-four hours, four days and ten days. 

We found that the solutions produced necrosis of the subcutaneous 
tissue with a zone of inflammatory reaction surrounding it, liquefaction 
necrosis and subsequently fibrosis — in other words, a sterile abscess, 
which resulted in ulceration only twice. Since destruction of endothe- 
lium is essential in the intravenous injection of sclerosing solutions fm 
the treatment of varicose veins, the property of injuring cells loca \ 
is desirable provided the systemic effect is not untoward. Tire aw 
3 per cent sodium gynocardate. 5 per cent sodium morr mate 
(Searle) and 40 per cent sodium salicylate seem to produce more com- 
plete necrosis of tissues than do the other solutions tested b) us. u. 
is in similar ratio to their thrombus-producing effectiveness as testa n 
us by intravenous injection. Forty per cent sodium sahcylate is no 

advocated for clinical use. 1 
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COXCU’SIONS 

Subcutaneous injection of commonly used sclerosing solutions pro- 
duces necrosis and an inflammatory reaction, a sterile abscess with sub- 
sequent repair by fibrosis. Rarely does it lead to ulceration of the skin. 

Five and 3 per cent sodium gynocardatc. 5 per cent sodium moj- 
rluiate (Searle) and 40 per cent sodium salicylate produce more pro- 
nounced - injury to cells locally than quinine and ethyl carbamate and 
5 per cent sodium hydnocarpate. and the latter two in turn produce 
more severe injury than 70 per cent invert sugar and equal parts of 
50 per cent dextrose and 30 per cent sodium chloride. This relation 
is similar to their relative effectiveness as thrombus producers a*- for- 
merly shown by us experimentally by intravenous injection. 



CARCINOMA OF THE BODY AND TAIL OF THE 

PANCREAS 
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i he usual conception of the clinical syndrome evoked by carcinoma 
of the pancreas and the accounts of this condition ordinarily given in 
the textbooks of medicine and surgery picture it as essentially one of 
intense progressive obstructive jaundice with rapid and extreme ema- 
ciation. The malady is most often painless, although occasionally there 
may be epigastric pain, which is apt to be of the paroxysmal type. 
When in addition to the aforementioned clinical findings, discovered in 
a patient during middle age or late in life, a distended gallbladder can 
be palpated, then, in accordance with the well known law formulated bv 
Courvoisier, the existence of carcinoma of the head of the pancreas is 
almost certain. 


In spite of the fact that this disease is not infrequently met with in 
the large teaching hospitals of the country, various statistical studies 
showing that it comprises between 1 and 2 per cent of all cases of cancer, 
comparatively few papers dealing with the subject have appeared during 
the past few years. From the time of the first description of this lesion 
by Mondiere 1 in 1836, the subject seems to have appealed especially to 
French investigators, and important contributions have been made by 
Ancelot, 2 Bard and Pic, 3 Mirallie 4 and Parmentier and Chabral." Per- 
haps the gloomy prognosis which must necessarily be given to patients 
afflicted with this disease in spite of any form of surgical therapy hith- 
erto employed is a factor in this apparent disinterestedness on the part 
of physicians and surgeons, although the employment of cholecvsten- 
terostomy for the amelioration of symptoms, particularly the distressing 
pruritus so often the accompaniment of chronic jaundice, has non 
become a well recognized palliative procedure. 


From the Department of Surgery, University of Michigan. 

Presented before the Detroit Academy of Surgery, March 8, 19. 

1. Mondiere, quoted by Parmentier and Chabral 

2. Ancelot, E. : Maladies du pancreas, Paris, F. Savy, IS 64, p. ^ 

3. Bard, L., and Pic, Andrien : Cancer primitif du pancreas 

Paris 8:257 (April) 1888. . eo , , tn\ 

4. Mirallie, C. : Cancer primitif du pancreas. Gaz. d. hop. SG.-SfD (• 


Rev. dc nk'd.. 


1893. . 

5. Parmentier, E., and Chabral, E. : Les tumeurs so it cs 
Roger, G. H. : Widal, F„ and Teissier, P. J. : Nouveau traite de 
Masson & Cie, 1923, vol. 15, p. 197. 


du pancreas, in 
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111 a critical study of large groups of cases, many r.f them coming 
to autopsy, it becomes evident that carcinoma of the pancreas ts ml 
invariably confined to the head of the organ, in which position it ts 
of course admirably situated for compression of the distal portion o) 
the ductus communis choledochus as the latter passes through or behind 
the gland. In a fair proportion of cases of pancreatic cancer, the lesion 
has been found situated in the body of the gland or. more rarely, in the 
tail of the organ, in which instances it may attain considerable size and 
even metastasize extensively before jaundice is produced. '1 able 1 indi- 
cates the relative incidence of cancer in the head, body and tail ot the 
pancreas in several of the larger series that have been reported and 
shows that carcinoma arising in portions of the pancreas other than the 
head is not of great rarity. 

It should be pointed out that entirely different syndromes are pro- 
voked by pancreatic cancer, depending on the portion of the gland pri- 
marily involved. Thus, while progressive painless jaundice is the rule 

Table 1 .* * — Location of the Lesion in Cases of Cnrn'tionin of t/ir Pancreas 

Author Genenrt Heart llotly Tnll 

11 2 2 

i» :::> a ; 

1 SO 2 5 

is ".*> s r, 

4 "4 2 

Ancelot SS 33 ft 2 

Blaeh 31 10 13 

* Adapted irom Xieler. 

in cancer of the head, the symptom of pain unaccompanied by jaundice 
dominates the picture in carcinoma of the body, whereas the rare cancers 
of the tail are often characterized by relatively few symptoms and 
produce a rather vague and ill defined clinical picture. 

Concerning carcinoma in these more unusual situations, Chau (Yard 11 
in 1908 first called attention to carcinoma of the corpus as a distinct 
chmeal entity. In the discussion of his three similar cases in which the 
diagnosis was verified by laparotomy in two and by necropsv in one 

:J:; d r tlCUlar StreSS 0n the great severity and the type of pain from 
] f 1 * 8 ? patlents suffered - the ra P ,d and severe emaciation and the 
complete absence of jaundice. According to Chauffard’s observations 

"ft Sympt °™ m hls cases was ^gastric pain occurring in a patient 
who had previously been in good health; it was sudden in onset 
eginnmg on the left but soon becoming more or less fenpraf 1 
■ the abdomen and radiating to the backfthe cist 

^tecUo the ingestion of food. This paroxysmal pain, because"” 
22:913, 1908. ^ CariCer du corps du Pancreas, Bull. Acad, de tried., Paris 
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its great severity, seemed to him comparable only to the most intense 
atettc crises. Nausea and vomiting were not symptoms of great 
importance. s 

As from time to time carcinoma of the body or tail of the pancreas 
. been unexpectedly encountered at operation in cases in which car- 
cinoma of the colon or stomach had most often been suspected before- 
hand it seemed desirable to assemble the records of these cases for 
careful analysis,- in order to learn, if possible, more of the signs and 
symptoms by which the condition may be recognized clinically, as well as 
to follow the life history of the disease. From July 1, 1925, to Jan. 1, 
1934, sixteen cases of carcinoma of the body or tail of the pancreas were 
observed in the University Hospital. In every case the diagnosis was 
verified by operation or necropsy. The operative diagnosis was in practi- 
cally all instances made by one of the senior surgeons of the hospital, the 
majority of the operations having been performed by Dr. Hugh Cabot 
or Dr. Frederick A. Coller. Microscopic confirmation of the diagnosis 
was not feasible in afl of the cases in which operation was performed, 
although whenever possible biopsy specimens were taken. The hospital 
records show that during this same period fifty-eight cases of carcinoma 
of the head of the pancreas were seen in the medical and surgical 
departments. The diagnosis was confirmed by surgical operation or 
necropsy in thirty-nine of these fifty-eight cases and based on sound 
clinical evidence in the remaining nineteen (Coller and Winfield ')• 


AGE AND SEX INCIDENCE 

Table 2 shows the age and sex incidence. The occurrence of approxi- 
mately twice as many men as women in the series is a finding in accord 
with the observations of other writers, viz., Mirallie, Da Costa,® Speed 


Table 2. — Incidence According to Age and Se.v tn the Cases Reported 


Age Cases Sex 

40-49 years 3 Hales... 

30-59 years 5 Females. 

00-69 years 8 


Cases 

n 

5 

16 


16 

The youngest patient was 40 years old, and the oldest patient, CO years; the average age 
was 57 years 


7. Coller, F. A., and Winfield, J. M., Jr.; Evaluation of Palliative Operations 
for Cancer of the Pancreas, Am. J. Surg. 25:64 (July) 1934. 

8. Da Costa, J. M. ; Cancer of the Pancreas, Forth America M. Chir. Rev. 
2:SS3, 1858; Tr. Path. Soc. Philadelphia 1:8 and 709, I860. 

9. Speed, Kellogg: Carcinoma of the Pancreas, Am. J. M. Sc. 160:1 (Ju\) 
1920. 
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, nd Fulcher » in their studies of carcinoma of the pancreas m its hvmdn 
aspects. From this table it will also be noted that all of the patumts 
were aged or in late middle life, there having been no ms taucos nt 
pancreatic cancer in the very young, and we have not obsened mu . as- 
in g numbers of cases in the earlier years of htc. as has been nui inn 
experience with cancer of the stomach, rectum and colon. 


SYMPTOMS 

Pain . — By far the most outstanding symptom of carcinoma of the 
body of the pancreas is abdominal pain, which is usually of extreme 
severity and most often intermittent in character, with a residual sore- 
ness between the actual paroxysms of pain. In thirteen of the sixteen 
cases, pain was the chief complaint for which the patient sought relief, 
and it was a major symptom in all the cases (table 3). In tourteen 
cases it was the first symptom to he noticed by the patient, while in 
the remaining two cases it was preceded by vague symptoms of con- 

Table 3. — Chief Complaint in the Cases Reported 


Cn*f» 


Abdominal pain IS 

Mass in the epigastrium J 

Epigastric distress I 

Loss ot appetite, -weakness I 


10 


stipation and malaise for two or three months, symptoms which caused 
the patient little concern before the advent of pain. Having once 
appeared, the abdominal pain tended to progress rapidly and was soon 
accompanied by marked general deterioration and exhaustion. 

Since pain constituted such a severe and important symptom, an 
attempt has been made to analyze it in detail. The pain of pancreatic 
carcinoma in general is described by Kiefer 11 as being of three types • 
(1) a dull, steady, severe ache in the midepigastrium, sometimes 'radi- 
ating to the lower part of the back; (2) pain occurring in paroxysms 
begmnmg near the umbilicus and radiating to the back and chest,' and 
(3) colicky pam m the tight upper quadrant resembling gallstone colic 
Table 4 indicates the location of the pain at the time of its onset in 
he group of cases under consideration. In this small series it is obvi 
ously impossible to conclude that there is any one region in which the 
p.m « cha racteristically found. The mdepigastric region was J n . 


10. Fulcher, T. B.: 
1919. 

11. Kiefer, E. D.: 
1927. 


Cancer of the Pancreas, Tr. A. Am. Physicians 31:284, 
Carcinoma of the Pancreas, Arch. Int. Med. 40:1 (J u l y) 
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tioncd most frequently, but since such a wide variety of other lesions 
are liable to produce epigastric pain, little assistance in diagnosis is 
obtained from this fact. From the point of its original beginning, the 
pain usually tended to become more generalized throughout the abdomen 
as the disease advanced. In table 5 the incidence and forms of radia- 
tion of pain are shown. Radiation was definitely described in about 
one half of the cases, and when it occurred it was most often toward 
the back or the chest, although no entirely constant form was noted. 

The qualitative type of the pain is also of interest. In table 6 
a classification of pain according to general type is made. As will 
be noted, the pain persisted throughout the course of the illness as 
a dull, steady ache in eight cases, whereas in the remaining eight cases 

Table 4. — Location of Pain at the Time of Onset in the Cases Reported 


Cases 

Lower part o£ abdomen (generalized) 2 

jVIldepignstrhim J 

Back I 

Bight hj’pocbondrlum " 

Left hypocliondrlmn * 

Bight iliac region * 

Both iliac regions i 

to 


Table 5. — Radiation of Abdominal Pain fit the Cases Reported 


No radiation 


To back and the right hip and thigh 
To back and the right side of chest.. 


Oases 

P 

4 

2 

I 

10 


the patient complained of paroxysmal or colicky pain. In regar o 
the steady, dull aching midepigastric pain mentioned earlier, t ie 
descriptions given by the French writers seem especially appropriate. 
Mirallie spoke of the pain as being boring or tearing, while ano ia 
writer called it a destroying pain. Mains 12 described tie parox) sm,t 
pains as “atrocious.” Some observers ascribe these paroxysms o p< 
to an obstruction of the pancreatic duct which interferes with the - 
charge of the pancreatic secretion; hence they 
pancreatic colic. On account of the absence of o struri v * 
in the cases under discussion the factor of obstruc .or i of he Wj. 
tract, suggested by some, may be excluded. Perhaps ic 

12. Malus : Etude statistique et clinique du cancer primitif du corps du I 
creas, Gaz. med. de Nantes 28:530, 1910. 
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and certainly one of the most plausible explanations of the ..Ncmt-mm.K. 
shooting pains is the one originally suggested by Oi.nifl.nd an' s 
on the intimate relation between the body of the pancreas and l vz so m 
plexus. The lower half of this plexus is closely associated with tin: 
posterior surface of the body of the gland, and numerous nerve Ida- 
ments leaving the plexus perforate the substance of the panes ens. 

In table 7 are listed the factors which seemed to he responsible 
in some degree for the aggravation or relief of the pain. Here again 
the factors are so varied that no definite conclusions can lie drawn. It 
should he mentioned that in general the attacks of pain occurred without 
provocation of any sort, and likewise cessation of the attack seemed to 
be unrelated to extrinsic factors. In this scries of cases changes of 


Table 6. — Type of Pain in the Cases Reported 


On*’-'!' 

Dull (aching, steady) jj 

Colicky (throbbing, shooting) •' 

Dull becoming colicky... ■ 

Colicky becoming constant 2 

1C 


Table 7. — Alteration of Pain in the Cases Reported 


Unsca 

Relief with bowel movement ..... ^ 

Relief with soda " . c 

Pain aggravated by food !!!!!.! 1 

Relief with vomiting ...1 , 1 

No changes noted .....'...I.!! ! 


20 


body position, such as lying down, standing or sitting, seemed ineffec- 
tual in affording relief. While the ingestion of food was not a factor 
in initiating the attack of pain during a. paroxysm it seemed to accentuate 

the seventy, until most of the patients refused food during the height 
of an attack. b 


Nausea and Vomztmg .- Table 8 indicates that nausea and vomiting 

were not prominent symptoms and if present were not of great severity 

lemg an accompaniment of the paroxysms of pain rather than important 
independent symptoms. ‘“'port ant 

**• “ spMe of 

cases, the patients i„ the other cases hSfag no aver*m"tV'fr°'rf f' 1 ''™ 
the entire course of the disease, with the exception of the ‘°t I Urm ^ 
for food during attacks which was mentioned “arhe" 
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Constipation.— A somewhat unexpected finding was the fact that 
constipation was a definite complaint in all the cases except three. As 
s lown in table 9, this had usually developed during the course of the 
disease, or when there had been long-standing constipation it was 
definitely aggravated by the present trouble. This finding corroborates 
the observations of others, notably Friedenwald and Cullen 13 and Kie- 
fei . 1 he latter, in his study of thirty-three cases of cancer of the 
pancreas seen at the Peter Bent Brigham Hospital, obtained a history 
of constitpation in the majority of cases and, as in my observations, 
found that it occurred in cases in which jaundice was absent, thus 
ruling out lack of bile in the intestinal tract as a causative factor. This 
frequent complaint of constipation with other suggestive findings, such 


Table 8. — Nausea and Vomiting in the Cases Reported 


Cases 


Nausea and vomiting- present 3 

Nausea without vomiting 4 

Neither nausea nor vomiting 9 


10 


Table 9. — Constipation in the Cases Reported 


Cnses 

Constipation associated with present illness f 

Chronic constipation, increased during illness.. jj 

Constipation alternating with diarrhea during illness - 

None mentioned f 

1G 


as blood in the stools, loss of weight and occasionally indeterminate 
roentgen findings, led in several instances to an incorrect diagnosis 
of carcinoma of the colon. 

Loss of Weight. — A history of appreciable loss of weight and usually 
a corresponding degree of weakness occurred quite as commonly as 
pain, although this symptom never appeared as the chief complaint. 
In fifteen cases there was a definite statement of loss of veigit >n 
the anamnesis, while in the remaining case no specific mention was m. 
of this fact, although from the notes on the physical examination i 
undoubtedly had occurred (table 10). Considering the fact that the 
average duration of symptoms at the time of admission was nc « 
seven-tenths months, it is quite obvious that the loss of weig i is “P 
dally rapid and marked, amounting to an average of o.-J P 

13. Friedenwald, Julius, an d Cullen, T. S.: Carcinoma of the Pancreas: 
Clinical Observations. Am. J. M. Sc. 176:31 (Juh) 
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(2 4 Kg.) per month in this series. Indeed, it is this rapid and pen- 
sive emaciation associated with the crises of pain that may sttgg.'M the 
correct diagnosis in a doubtful case. Of all the situations '<> 
carcinoma may occur, it seems that in the pancreatic IkkIv it causes 

cachexia most rapidly. 

Duration of Symptoms .— As mentioned earlier, from the onset oi 
the first symptoms the disease tends to run a rapid and steady course. 
Table 11 summarizes the duration of symptoms. From this table tt 
will be noted that the majority of the patients had noticed symptoms 
for less than six months. The longest period elapsing between the 


Table 10 .—Loss oj Weight in the Cases Reported 


Definite history ot lose of weight 
Sot recorded 


Greatest loss of weight a.Slpt. 

Smallest loss of weight t.5 Mt. 

Average loss ot weight he. 


i:. 

1 


10 


Table 11. — Duration of Symptoms in the Cases Reported 



Cme' 

Less than 1 month 

j 

1 to 3 months " ' '. 

4 

4 to 6 months 

c 

7 to 12 months 


Not recorded 


Average duration of 5.7 months 

Kj 


onset of symptoms and admission to the hospital was one year, while 

in one case the duration of the present illness was too indefinite to 
record. 


rruaitAL It A AMI NATION 

The general examination usually revealed an extreme degree of 
emaciation and in many instances a patient suffering from agonizing 
pain. Inspection of the abdomen showed that in four of the sixteen 
cases there was dilatation of the superficial veins of the abdominal 
wall, a finding suggesting some degree of obstruction of the vena cava 
n exactly one half of the cases an abdominal tumor was palpable 
(table 12) As a rule, owing to the position of the pancreas which 
is placed deep within the abdominal cavitv a tumor is not n 
it has progressed to a rather advanced SlZL? T“ 

rotonry almost invariably revealed a i.f ’ .1 findings at lapa- 

(rom the clinical 

necnei or not a palpable mass was 
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present, in the majority of cases there was abdominal tenderness of 

some degree. In no case in the series was there evidence of a distended 
gallbladder. 

Fever was ordinarily absent. The temperature on admission in all 
of the sixteen cases was under 100 F. 


Iadi.f. 12. Results of Abdominal Examination in the Cases Reported 


« Cases 

Palpable tumor lr 

Present s 

Absent c 


Location of tumor g 

night upper quadrant 'i 

Left upper quadrant ' i 

Mldoplgastrium d.. . 5 

At umbilicus t 

Dilatation of superficial veins of abdomen 16 

Noted 4 

Not mentioned 12 


LABORATORY FINDINGS 

Blood. — In accord with the essentially normal temperature charts, 
the leukocyte count was less than 10,000 in fourteen of the cases and 
slightly over 10,000 in one case; in one case the count was not made. 


Table 13 . — Laboratory Findings in 

the Cases Reported 


Blood 

Erythrocytes 

Red Blood 

Cell Count 

3,0SO,00O 

Hemoglobin, 

Percentage 

OS 


5,060,000 

82 


4,400,000 

75 

Leukocytes 


Cases 

1 



U 



1 



10 

Urine 


2 

1-f 



J0 

Stool . . . . 


4 

Positive guaiac or benziaene test 


4 

s 



10 

Gastric Analysis . . n 


4 

Free hydrochloric acid present (after test mcai;, 
Free hydrochloric acid absent 


0 

12 



16 


evidences of high grade anemia appeared, the lowest erythrocyte 
it in the group being 3,080,000, with a corresponding 
ling of 58 per cent. The highest erythrocyte count rccon 
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5 060000 with S2 per cent hcrooglohin. while the hiiihest hemeglnl.m 
determination was 95 per cent, with a corresponding erythewyte emtm 
of 4,200,000. The average hemoglobin reading tor the ?crie> \\.i /. 

per cent (table lo). . 

Urine. — Particular attention was paid to the examination of the 
urine for dextrose. Curiously enough, glycosuria was present in nitty 
two of the sixteen cases, in one of which there was a typical diabetic 
blood sugar curve. These figures are of interest in view ot the tact 
that even though in many of the cases a large portion of the pancreatic 
substance was destroyed by the neoplasm, sufficient pancreatic tissue 
evidently remained to maintain a normal production of the internal 
secretion. 

Table 14. — Roentgen Findings in the Coses Retorted 


C'n , r' 

Lc?ion of colon (enreinomn 5) 1 

Negative roentgen findings 

Pyloric obstruction - 

Duodenal distortion or displacement u 

No roentgenograms tab-en 1 

Indeterminate (lesion of stomach or duodenum) " 

lfi 

Roentgenogram suggestive of pancreatic tumor 4 


Table 15. — Clinical or Prcotcratkc Diagnosis in the Cases Retorted 


Cns<'« 

Carcinoma of the stomach , 3 

Carcinoma of the 3 

Chronic duodenal « 

Gallstones ’ j 

Benign (?) pyloric obstruction j 

Carcinoma of the colon 4 

Tumor (cyst?) of the pancreas 1 

Chronic appendicitis ... , 


IG 


Gastric Analysis.— The results of gastric analysis were recorded 
m only four of the sixteen cases. In all four cases free hvdrochloric 
acid was present in normal amounts, there being no instance of 
achlorhydria. 

Stools .— The stools were examined in eight cases. Occult blood 

WaS P rc . Sent m u four ’ and m the remaining four cases the examination 
revealed no abnormalities. None of the stools were clav-colored and 
there was no record of the bulky, buttery stools so often'seen in card- 
noma of the head of the pancreas with obstructive jaundice. It wnnlrl 
seem rom these findings that the external secretion of the pancreas 
m adequate amounts was reaching the intestinal tract - i ? 

the greater part came from the cephalic 
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cxc^onf' Tu"‘ T a ~ ] ROent ? en S '‘ l,<lieS Were mat,e in a11 of «* 
except one. Table 14 summarizes the findings. It is of interest that 

..Hour cases or 25 per cent of the group, the roentgenologist suspected 

a lesion of the pancreas, this impression being gained chiefly from the 

distorted appearance of the duodenum or a widening of the normal 

duodenal curve. 


Clinical Diagnosis : The clinical or preoperative diagnoses are tabu- 
lated m table 15. As will be noted, a correct diagnosis was made in 
tlnee cases, and a diagnosis of pancreatic cyst in one other instance. 
I he most common diagnosis erroneously made was carcinoma of the 
colon. This was largely due to the fact that the patients exhibited 
the general cachexia of cancer, with no clear evidence of a primary 
growth and often with a history of increasing constipation, frequently 
blood in the stool as shown by chemical tests and finally indeterminate 
results of roentgenologic studies. As roentgen diagnosis of lesions of 
the colon was far less accurate a few years ago than it is today, one 
felt justified in making a presumptive diagnosis of carcinoma of the 
colon under such circumstances. 


OPERATION 

Operation was performed in all of the cases except those of the two 
patients who died in the hospital ; in these two cases the diagnosis was 
confirmed by necropsy. Table 16 lists the various operative procedures 


Table 16. — Operation in the Cases Reported 


’ Cases 

Exploratory laparotomy ' 

Cholecystoduodenostomy ^ 

Posterior gastro-enterostomy r 

Posterior gastro-enterostomy and choiecystostomy i 

Marsupialization o 

Xo operation 

1G 


Table 17.— Cell Type of the Tumor in the Cases Reported 

Cases 


1 

Scirrhous adenocarcinoma 4 

Adenocarcinoma 3 

Medullary carcinoma 8 

No report . 


1G 


which were performed. At the time of operation, metastatic nodules 
were found in the liver in five cases and were absent in eleven cases. 
There was no evidence of ascites in thirteen of the sixteen cases, v. u e 
ascitic fluid was encountered in three, in one of which it was c istmc \ 
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„i the chylous ty,K, a type often mentioned iu the li.evnnue tnnl iu.Hc- 

tivp of obstruction of the thoracic duct. 

In table 17 are shown the types of cancer as vcportw n nr J M ,w " 
gist when biopsy specimens were taken, and table k summ.ui/AS r 
location of the lesions in the pancreas. 


Table 18.— Situation of Groivth in the Cases Rr hailed 


Tail 12 

Body 2 

Body and tail 

10 


EKD-RESULTS 

There were no deaths at operation. Of the fourteen patients oper- 
ated on, six were discharged from the hospital unimproved, seven com- 
pletely or partially relieved from pain and one definitely worse. J» 
the group of patients who were relieved from pain there seemed to 
be no relation to the type of operation, and the improvement following 
simple exploratory laparotomy in some cases was as great as that fol- 
lowing some of the move complicated procedures. 


Table 19. — End-Results in the Cases Reported 



Pntknlf 

Died in hospital without operation 

A 

3 


o 

Lived V& months 


Lived 2 months 

o 

Lived iVz month? 


Lived 3% months 


Lived 10 months 


Lived 18 months 


Living at 6 months 


Living at 9 months . n 


1C 


A questionnaire was sent out to determine the course following 
discharge from the hospital. In table 19, the end-results are tabulated. 
Of the eight cases in which operation was performed and in which 
the time of death was ascertained, the average duration of life following 
operation was four and five-tenths months. Since the average duration 
of symptoms prior to admission was five and seven-tenths months the 
average duration of life in these cases was ten and two-tenths months 
trom the time the first symptoms were noted. It might be added that 
m the two cases in which the patients died in the hospL without ope a 

t™r i,on s5 ™ ptom5 was ** mmths « ss. 
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REPORT OP CASES 

S-, a Canadian housewife, aged 61, was admitted to the University 
Hosp.ta 1 on April 4, 1926, with the complaint of pain in the stomach and diabetes 

‘ I’toms had begun four months previously with a dull, aching pain in the left 

Z-rr ° f . t!lC r a j bd0mei1 ’ aSS0C ' atcd with constipation and nausea without 
' C , Pa ‘" dld 110t radu * te; lt was aggravated by food but was often 
3 soda. The patient had also noticed polyuria, polydipsia and pruritus 
uih'ac. Six weeks before entrance a physician had discovered sugar in the urine. 
The patient had lost 76 pounds (34.5 Kg.) since the beginning of her trouble. 

Examination showed evidence of extreme loss of weight. The abdomen was 
doughy, and there were tenderness and a questionable mass in the left upper 
quadrant, with slight muscle spasm in this area. The temperature was 98 F.; 
the pulse rate, 98, and the respiratory rate, 20. The blood pressure was 134 systolic 
and 82 diastolic. The urine had a specific gravity of 1.036 and contained sugar 
(~f I ! h )• The Kahn test of the blood was negative. The blood sugar was 
290 mg. per hundred cubic centimeters, and the nonprotein nitrogen of the blood, 
29.6 mg. per hundred cubic centimeters. The blood count showed: leukocytes, 
19,000, with 63 per cent polymorphonudears ; erythrocytes, 6,100,000 and hemo- 
globin, 70 per cent. The spinal fluid was normal. Roentgen examination showed 
a normal upper region of the gastro-intestinal tract, and the barium sulphate enema 
revealed a normal colon. The chest was emphysematous. The clinical diagnosis 
was disease of the gallbladder with pancreatitis or a malignant condition of the 
abdomen. 

The diabetes was satisfactorily controlled by diet and insulin. Exploratory 
laparotomy was performed on May 20 by Dr. Coller, who made the following 
notes : A large, hard carcinomatous mass was felt in the body of the pancreas. 
There were metastases in the liver. The condition was thought to be hopeless. 

The postoperative course was satisfactory, and there was some relief from the 
abdominal pain. The patient was discharged on June 15. 

Case 2. — A. B., a German housewife, aged 58, was admitted on April 19, 1926, 
complaining of pain in the stomach and back. The trouble began about one year 
before admission, with constipation and severe pain in the stomach at night. I he 
pain gradually became more constant and severe and extended to the back. It 
was not related to food and was sometimes relieved by soda. The patient had lost 
40 pounds (18.1 Kg.) during the iilness. 

Examination revealed a fairly well nourished woman crying from pain. There 
were dilatation of the superficial veins of the abdomen, exquisite tenderness ami 
a palpable mass in the epigastrium. The blood pressure was 1S5 systolic and 
85 diastolic. The temperature was 99.2 F.; the pulse rate, 100, and the respiratory 
rate, 24. The urine was normal. Examination of the blood revealed: leuko- 
cytes, 8,000, with 64 per cent polymorphonudears ; erythrocytes, 3,800,000, ami 
hemoglobin, 65 per cent. Roentgenologic studies showed a stiff lesser curvature 
of the stomach- without defect, suggestive of carcinoma of the lesser curvature, 
although the results of the examination were reported as indeterminate. 

clinical diagnosis was carcinoma of the stomach. , , . c 

Operation was performed on May 5 by Dr. Cabot, who found chylou. it urb.d 
fluid in the abdomen. The stomach, duodenum, gallbladder and liver uc 
Behind the stomach a large mass was felt in the pancreas. I was i. ’ 
hard and nodular and was thought to be a carcinoma of the body ° f d ^ avoW 
with obstruction- to the thoracic duct. A cholecystogastrosfomy 
the possibility of obstructive jaundice later. 
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Postouerative convalescence was not remarkable, ami the patient wr 

on wTfc did on Awe- 23 o( octet. d„c ... cawc.c, ~ 

completely relieved ot pail, and there was no jaundice up to the time deal. 

Case 3.— T. R., a French-Cauadian painter, aged 50, was admitted *>» .Inly , 
1926 complaining of pain in the stomach and chronic constipation, hymptmm 
began six months previously with pain in the back, which soon shifted to the up;w. 
part of the abdomen and often radiated to the right shoulder and the l»l>- 1 >r 
pain was worse at night, was increased by food and was never relieved by m*1u. 
the patient had lost 60 pounds (27.2 Kg.) during the present dine-. 

Examination showed a pale, very ill, cachectic man. There was a tender ma- 
the size of an orange just above the umbilicus, and ail area of tetulcrne- wa* 
present in the left lower quadrant of the abdomen. The blood pressure wa>- 
145 systolic and 90 diastolic; the temperature, 9S F.; the pulse rale, f$, and (he 
respiratory rate, 18. The leukocytes numbered 8,800, with 61 per cent jvilymorplm- 
nuclears, and the erythrocytes, 4,400,000; the hemoglobin content was 70 per cent. 
The urine was normal. The reaction to the benzidine test of the stool w.v 
Roentgen examination showed distortion of the duodenum suggesting 
enlargement of the pancreas. The Graham test showed slight evidence of chronic 
cholecystitis. A barium sulphate enema revealed no abnormalities. Pyclograim 
showed an extrarenal tumor. The clinical diagnosis was carcinoma of the pancrca*. 
or pancreatic cyst. 

Exploratory laparotomy was performed on August 23 by Dr. Culler, and the 
following observations were made: A large mass was felt posterior to the stomach 
which pushed the stomach forward. The liver, gallbladder, stomach and intestines 
were normal. The body of the pancreas was completely involved by the mass, 
which was apparently a carcinoma. It was so extensive that no attempt was made 
to remove it. There were no metastases except one palpable gland in the lower 
part of the abdomen. 

Postoperative convalescence was uneventful, and the patient was discharged 
from the hospital on September 7. 

Case 4.— S. W., Polish factory worker, aged 49, was admitted on Aug. 20, 
1926, complaining of pain in the right upper quadrant of ttic abdomen and in the 
back. Symptoms began two months before his entry, with the gradual onset of 
abdominal pain which rapidly became more severe and constant. It was much worse 
at night but did not seem to be related to meals or to food. Nothing that he 
had tried lor its relief was successful. He had lost 12 pounds (5.4 Kg.). 

Examination showed a poorly nourished, pale man in considerable pain. There 
was dilatation of the superficial veins of the abdomen, and a palpable mass, possibly 
the liver, was felt in the right upper quadrant. There was marked tenderness 
m tie region of this mass with moderate right costovertebral tenderness The 
blood pressure was 142 systolic and 88 diastolic. The temperature was ’99 F • 
the pulse rate, 99, and the respiratory rate, 20. The urine showed albumin and 
- few casts. Examination of the blood revealed: leukocytes, 7,600, with 8 7 per 
cent polymorphonuclear ; erythrocytes, 4,400,000, and hemoglobin, 85 per cent The 
roentgen exammat.on revealed the following: The barium sulphate enema revealed 

of the , films of the Sastro-intestinal tract showed slight deformity 

of the duodenal bulb on the side of the greater curvature hue th r. t ■ J 

““ ~ 

he clinical diagnosis was carcinoma of the stomach rtirnni/- n 1 • ■ 

carcinoma of the hepatic flexure. ’ chron,c ch °lecystitis or 

Exploratory laparotomy was performed on Aueust 24 t™ Tw r 1 , 

.lie following notes: The gal.btefa was somewhat 
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The liver was full 0 f carcinomatous nodules clearly metastatic ti 

intestines and colon were normal ti,« 7 metastatic - T1,e stomach, 

w LZTLl s ' p,cmber 8 ■ He ditd io 

Case 5.— IJ. L., an American laborer, aged 69, was admitted on Feb. 9 1927 
complaining of attacks of colicky midepigastric pain and constipation. The attacks 
usually lasted for from one to two hours, causing the patient to double up. They 
were unrelated to food. There was no history of associated nausea or vomiting. 

here had been considerable loss of weight, but the patient did not know how 
much. 

Examination showed an elderly, poor]}' nourished man with his knees drawn up, 
" rithing in pain. There was considerable sclerosis of the peripheral arteries. 

1 he blood pressure was 122 systolic and 98 diastolic; there was dilatation of the 
superficial veins of the abdomen ; muscle spasm and tenderness were present in 
the right upper quadrant, and there was moderate generalized abdominal tenderness. 

1 he temperature was 98 F. ; the pulse rate, 80, and the respiratory rate, 20. The 
urine was normal. The Wassermann test of the blood was negative. The leukocyte 
count was 4,500, with 74 per cent polymorphonuclears ; the erythrocyte count, 

3, 500,000, and the hemoglobin content, 65 per cent. The guaiac test of the stool 
gave negative results. Roentgen studies of the stomach showed hyperperistalsis 
and constant deformity' at the pyloric ring with 50 per cent retention in six hours. 
The impression was that a surgical lesion was obstructing the pylorus. The barium 
enema showed no abnormalities. The clinical diagnosis was carcinoma of the 
pylorus. 

Operation was performed on February' 15 by Dr. Cabot, whose observations 
follow : There was free fluid in the abdomen, with dilated veins suggesting portal 
obstruction. At a point apparently' bey'ond the pylorus the stomach was obstructed 
by' a mass which appeared to be behind the stomach and in relation to the pancreas. 
The gallbladder was slightly distended and tense. The liver was free from 
metastases. There was a soft mass 2 inches (5.08 cm.) in diameter in the mesentery 
of the transverse colon. Removal seemed impossible. A posterior gastro-enteros- 
tomy' was therefore done and the gallbladder drained to anticipate the possibility 
of future obstruction of the biliary tract. 

Postoperative convalescence was satisfactory, and on March 7 the patient was 
■discharged from the hospital. He died at home one month later. 

Case 6. — J. W., an American nightwatchman, aged 63, was admitted on Dec. 16, 
1927, complaining of epigastric distress of six months’ duration. At first ic ia< 
-noticed a dull ache or heavy sensation in the epigastrium, which was mate " or - ' 
hy food. In addition, there had been extreme tenderness over the entire aMomci 
•so that at times he could not bear the pressure of bis clothing. There inr a 
been severe constipation with occasional periods of diarrhea and some < i icu 
jn swallowing. The patient had lost 9 pounds (4.1 Kg ■)• 

Examination revealed marked emaciation, dilatation of the super cia ' 

-the lower part of the abdomen and tenderness over the right ia o ie ‘ 

particularly marked in the right upper quadrant. There was s ig i ™ ' T , 

, . i__ui TU nr-Acciirp was 1.10 svstohe and 80 diastolic. i ‘ 

20. I he 


but no palpable mass. The blood pressure was 130 systolic 
temperature was 99 F.; the pulse rate, 90, and the resp.™ - 
laboratory studies showed norma! urine, a leukocyte count 0 ’ 
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content of 7S per cent. Roentgen examination ot the stomach burned h M Hr- 
peristalsis. There was great dilatation of the duodenal hull, hut no ^'>. cnu: U 
ulcer The intestines were otherwise normal. The enure colon wn, dilated, hut 
there was no evidence of a pathologic condition. There was sputa lulu .1 nmh.. 
The clinical diagnosis was chronic duodenal ileus, of unknown came (canto, r). 

Laparotomy was performed on December h by Dr. Cabot. who made the 
following notes : The stomach was not abnormal. T he duodenum showed great 
distention practically throughout The gastrohepatic omentum showed some 
enlarged, hard glands. Below this die pancreas appeared to he abnormally hard 
and was felt in the neighborhood of the ligament of Trcitz. where it might I* 
have caused obstruction. The large intestine showed abnormal diMcnti-ro. hut 
examination failed to show any abnormality oilier than that a fair amount <’l 
intestinal contents was unevacuated. The gallbladder was moderately distended 
and free from adhesions and showed no evidence of inherent abnormality. T here 
seemed to be no clear indication for gastro-enterostomy. The gallbladder was 
anastomosed to the first portion of the duodenum, to which it came without 
difficulty. 

The postoperative course was fair. The appetite was poor, and there were 
troublesome pains due to gas. The patient was discharged from the hospital 1*11 
Jan. 14, 1928, and died on February 22. 

Case 7. — E. H., an American housewife, aged 41, was admitted on April 11. 
1928, complaining of pain in the stomach. Symptoms began three weeks before 
her admission to the hospital, with an attack of sharp, knifelike pain in the epi- 
gastrium. The pain radiated to the back and up the spine and localized between 
the shoulder blades. There were repeated attacks with accompanying nausea and 
vomiting. Later the pain became constant. There had been increasing constipation 
after the onset of the other symptoms. The patient had lost 10 pounds f *1.5 Kg.). 

Examination revealed an emaciated woman who appeared to he elderly. There 
was a large tumor in the midline of the upper part of the abdomen; it was 
globular in outline and extended from just below the xiphoid to one fmgerbreadth 
below the umbilicus. The mass had a diameter of 12 cm. and was firm; the surface 
was smooth. The mass seemed to he attached to the underlying structures. It 
was slightly tender to palpation. The blood pressure was 120 systolic and 84 
diastolic; the temperature, 98.6 F.; the respiratory rate, 20, and the pulse rate, 90. 
The laboratory studies showed normal urine, a leukocyte count of 6,700, an erythro- 
cyte count of 3,080,000, a hemoglobin content of 58 per cent and a negative Kahn 
test of the blood. The Graham test by roentgen rays showed normal visualization 
of the gallbladder, with normal emptying after a meal of fat. The clinical diag- 
nosis was solid tumor or cyst of the pancreas. Exploratory laparotomy was 
performed on April 14 by Dr. Cabot, whose observations follow : The tumor was 
found to lie behind the stomach, which was in no way involved. It was dvnrlv 
oi the pancreas and was very hard, showing no evidence of cystic qualities in 

T T evidence 0f cbstruction 0{ the biliary passages, and the 
° Ihladder appeared to be normal. There were a reasonably large number of glands 

m the neighborhood, apparently involved; one of them ly ing fn the tran^ersJ 
mesocolon was removed for pathologic examination 

Microscopic examination of the biopsy specimen by Dr. C. V. Weller showed 

Postoperative convalescence was not verv safisfartn,-,. . 

d »” - 1.e ,»ieVs 
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became worse. She was discharged from 
home one month later. 


the hospital on April 27 and died at 


J'f!'*' C. Is., a Swedish machinist, aged 60, was admitted on April 14 1930 

I T E , T lro " WC ', T '“ Sym ” M bts “ f “ r »»>* P*r ,o hmis 

' U,th oss of ‘?PP et,te and malaise. This was soon followed by epigastric 
distress and eructations of gas. The patient vomited about once a day and was 
relieved by gastric lavages and by alkalis. There was then a period of several 
weeks of comparative freedom from pain until three weeks before admission, when 
the pain recurred with increased severity but without vomiting. On admission the 
patient was suffering from severe epigastric pain and gas. He had lost 30 pounds 
(13.6 Kg.). 


Physical examination revealed moderate abdominal distention with visible 
peristalsis but no masses. The blood pressure was 130 systolic and 94 diastolic; 
the temperature, 99 F. ; the respiratory rate, 20, and the pulse rate, B0. The urine 
was normal. The Kahn test of the blood was negative. The leukocyte count 
was 7,700, with 79 per cent polymorphonuclears ; the erythrocyte count, 5,060,000, 
and the hemoglobin content, 82 per cent. Examination of the stool revealed a 
+ + ~h ~h reaction to the benzidine test. Roentgen studies revealed a large dilated 
stomach with gigantic peristaltic waves; 70 per cent retention at four hours, SO 
per cent retention at twenty-four hours, and marked retention at forty-eight hours, 
and an obstructive lesion at the pyloric end of the stomach of surgical importance. 
The clinical diagnosis ' was pyloric obstruction, probably benign. 

Operation was performed by Dr. Cabot on April 23, and his operative note 
follows : Examination of the stomach showed no discoverable abnormality other 
than great hypertrophy. The pylorus appeared to be dilated. On the posterior 
wall of the second portion of the duodenum was a hard, nodular mass apparently 
implanted in the walk This seemed to be intimately connected with a tumor 
which occupied the greater part of the pancreas except the head. There was 
slight dilatation of the gallbladder. A gland was removed from the region for 
diagnosis, and a posterior gastro-enterostomy was performed to relieve the 
obstruction in the second portion of the duodenum. 

Microscopic examination of the biops 3 r specimen by Dr. A. S. Warthin showed 
only chronic lymphadenitis. 

The postoperative course was satisfactory, and the patient was discharged from 
the hospital on May 8. He returned to the clinic on November 19, complaining of 
great weakness, pain in the epigastrium, poor appetite and constipation. His 
symptoms had been much relieved following the operation until October 1930. 
After that he lost considerable weight; there was a large mass in the epigastrium, 
and the edge of the liver was S fingerbreadths below the margin of the ribs. c 
died on Feb. 22, 1931, in a condition of extreme emaciation. Jaundice Iiati 


developed two months before death. 

Case 9— N. S., a German barber aged 40, was referred to the radiotherapy 
department of the University Hospital on Aug. 28, 1930, for postoperative re. 
ment. Symptoms had begun three months previously with slight pain m k g 
lower quadrant of the abdomen which lasted for three dajs an tien -'ll 
Since the onset there had been repeated attacks of pain m this region, 
month prior to entry the patient experienced a severe, cramping pam «n Hit -W 
lower quadrant. It continued for two days, a mass appearing in 

while the pain continued. , T ... d; 

' A diagnosis of appendicitis was made, and operation was per orm , ,. j 

in a neighboring it The surgeon who geriormej .he opera,.™. W « 
a tumor the size of an orange presented through the gas roc 



ransom-carcjxoua or no xc nr. is 


<j)\ 


seemed to take origin from the body of the pancreas. 1 he Ummr was c> t • 
seemea m s r ,, nlc .| an( j marsupialization wa* d'<nr. a 

fluid contents bemg Woody. It was evacuatut. m r i • 

, ;,«pr»pc\. No metastascs were found. A bmps> s|f>taini < 


undifferentiated 


UU1U wmwnvo - o 

drainage tube being inserted. No metastascs were 
the tumor examined by Dr. A. S. Warthm showed that it nas an 

me Phvskal 1 exa“iion showed a fairly recent scar left by a right rectus 

lere was a nontender, slightly irregular, slightly movable ma-s about the mzc 

Near the lower end <•! 


There was a nontender, slightly irregular, .■ . 

of a large grapefruit at or just above the umbilicus. Near the lower end «<t 
:-„i n draining sinus extended into the tumor, brotn it there wav ,t 


the surgical scar a draining sums t.uo.u™ — / ' . 

small amount of seropurulent discharge. The teni]>crature was 79.~ 1'.: the pt.be 
rate, 88, and the respiratory rate, 20. The laboratory studies mcnlrd normal 
urine except for many hyaline casts, a negative Kahn test of the blood, a Iciik'KJtr 
count of 9,200 and a hemoglobin content of 79 per cent. The results of roentgen 
examination were as follows: The Graham test showed n normally functioning 
gallbladder. There was distortion of the second portion of the duodenum suiw.cdiuu 
enlargement of the pancreas. 

The patient was given roentgen treatments as an outpatient, lie died <n 
Feb. 8, 1932, of cachexia due to cancer. 

Case 10. — -M. C., a Canadian housewife, aged 09, was admitted on Nov. 3, 1V3«, 
complaining of pain in the right side of the abdomen. Symptoms had begun sud- 
denly four weeks previously with pain in both the right upper and the right lower 
quadrant, radiating to the right costovertebral angle. Occasionally the pain 
radiated to the left upper quadrant and the left costovertebral angle. At first the 
pain was sharp, but it had gradually become dull and constant. There were 
gaseous eructations, the appetite was poor, and there was occasional nausea with 
vomiting. There had been chronic constipation for many years and this bad 
become worse with the onset of the present trouble. The patient bad lost 33 
pounds (15.9 Kg.). 

Physical examination revealed an elderly woman showing considerable evidence 
of loss of weight. There was tenderness in the right upper and right lower 
quadrants but no palpable mass. The blood pressure was 216 systolic and 12(1 
diastolic; the temperature, 99 F.; the pulse rate, 100, and the respiratory rate, 22. 
The urine was normal except for a + reaction for albumin. The Kalin test 
of the blood was negative; the nonprotein nitrogen content was 31 mg. per hundred 
cubic centimeters ; the leukocyte count was 8,900, with 65 per cent polvmorpho- 
nudears; the erythrocyte count, 3,670,000, and the hemoglobin content, 70 per cent. 
Examination of the stool revealed a -f reaction to the benzidine test. Roentgen 
studies were made in another hospital shortly before admission and gave negative 
results except for slight flattening of the cecum. Roentgenograms of the gastro- 
intestinal tract made at this hospital gave entirely negative results, the barium 
enema showed nothing abnormal and the Graham test was unsatisfactory 

On November 3 the patient was transferred from the medical to the surgical 

pneumonia and terminal cardiac failure. b hbrinopurulem 

d« c 'S im L p i,,s ‘f 1 «• « 
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! lK , fian '! t0 thc back ** sometimes down the right leg The 

attacks lasted from a few minutes to half an hour, and the pains seemed to be 

.o.sewhm.cmistipat’on was most marked. There had been a loss of 30 pounds 
( .6 Kg.) m eight months, with corresponding weakness. The patient had been 
troubled for several years with increasing constipation. 

Physical examination showed a fairly well preserved elderly man. The abdomen 
was distended, the edge of the liver was palpable and a mass the size of an 
orange was present m the midepigastric region. The mass was moderately tender. 
J i ere was considerable sclerosis of the peripheral arteries; the blood pressure 
was 158 systolic and 92 diastolic; the temperature, 99 F. ; the pulse rate, 92, and 
the respiratory rate, 20. The urine was normal, with the gravity as determined 
by the concentration test up to 1.026; the excretion of phenolsulphonphthalein was 
65 per cent in two hours. The Kahn test of the blood was negative. The blood 
sugar during fasting was 103 mg., and the nonprotein nitrogen, 33 mg. per hundred 
cubic centimeters ; the bilirubin was 3 mg. per thousand cubic centimeters. The 
leukocyte count was 9,000, with 66 per cent polymorphonuclears ; the erythrocyte 
count, 4,000,000, and the hemoglobin content, 74 per cent. The electrocardiogram 
showed slight left ventricular preponderance. Roentgen studies revealed a steer- 
horn stomach; the second portion of the duodenum showed a tendency to looping, 
with a constant pattern noticed on all the films such as is sometimes seen in 
enlargement of the head of the pancreas. The barium enema revealed no evidence 
of an organic pathologic condition or other abnormality. A clinical diagnosis of 
carcinoma of the colon was made. 

The patient's general condition was too poor to permit an exploratory laparo- 
tomy. He died on March 20, 1931. Autopsy was performed by Dr. C. V- Weller 
on March 21. He found primary scirrhous carcinoma of the tail of the pancreas; 
metastases in the liver, suprarenals, retroperitoneal lymph nodes, sternum and 
vertebrae, with infiltration of the spinal nerves ; pulmonary embolism, and multiple 
infarcts of the spleen. 

Case 12. — C. S., an American railroad man, aged 50, was admitted on Jan. 26, 
1931, complaining of boring epigastric pain. His symptoms had begun five months 
previously, with gaseous eructations and a sour taste in the mouth, followed b> 
the development of the midepigastric pain, which was constantly present but worse 
after eating. There was slight relief from milk or soda. The patents appetite 
was good, but he was afraid to eat. There had been increasing constipation over 
the past few years. He did not complain of nausea or vomiting. He had lost 
35 pounds (15.9 Kg.). 

Examination showed a slightly undernourished, worried, middle-aged man. 
There was exquisite tenderness in the epigastrium and the right upper quadrant, 
accompanied by slight muscle spasm but no palpable mass. The blood pressure 
was 115 systolic and 70 diastolic; the temperature, 99; the pulse rate, 80, and t ic 
respiratory rate, 20. The urine was normal. The leukocyte count urns 8, , wi i 

60 per cent polymorphonuclears ; the erythrocyte count, 4,540,000, an tic icno 
globin content, 80 per cent. The Kahn test of the blood was negative. The gua.ac 
test of the stool gave negative results. Roentgenologic examination showed a 
defect in the prepyloric region (neoplasm or ulcer?). The Graham test s lowei 
nonvisualization of the gallbladder. The clinical diagnosis was carcinoma ol Hit 

stomach or carcinoma of the pancreas. 

Operation was performed by Dr. Ransom on February 9, and Ins note .m • 

follows: The gallbladder was slightly distended; there was * sma ‘ 

free fluid in the abdomen, and the stomach, duodenum and ncr 

There was an irregular hard, nodular mass behind the stomach and in thc pancrc, , 
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undoubtedly carcinoma. This extended to the left, involving the tail of th«- m 
A biopsy was not thought feasible, and cholccystogastrostomy was done t« .ml., - 


pate die possibility of obstruction of the biliary tract. 
The postoperative course was rather stormy ; ' 


there were considerable naii'-ca 


and vomiting for the first week, and this was followed by l.ronrliopiicumotu.i on 
the right side from which the patient recovered satisfactorily. Hr wa« 
on February 26 and placed on a Sippy diet. The pathologic report on a hit m 
the gallbladder removed at the time of operation showed that the wall <" 1 >- 
gallbladder was normal. Following the patient’s discharge from the hospital he 
was given several treatments with high voltage roentgen rajs and was .1 t etn 
on April 10, at which time there was marked epigastric pam as well mar :td 
loss in weight and general deterioration. 

Case 13.—]. S., a Canadian factory worker, aged 62. was admitted on H’b. 3/. 
1932, complaining of constipation, gas and pain in the upper part of the abdomen 
and the lower part of the back. His symptoms bad begun one year before, although 
there had been trouble from constipation for about eight years. During the pre- 
ceding year there had been a steady loss of approximately 25 pounds (11.4 Kg.). 
There had been considerable anorexia during this year. For the three months 
prior to entry, there had been a constant dull pain in the lower part of the abdo- 
men. Later this bad become sharp and shooting and bad radiated through to tile 

back. These sharp, colicky pains ordinarily lasted for several hours, but the 

constant abdominal distress never disappeared. The colicky pains were often 
relieved by bowel movements. 

Physical examination showed an elderly emaciated man, appearing quite ill. 
The abdominal examination gave negative results. The blood pressure was ISO 

systolic and 20 diastolic; the temperature, 98.6 F, ; the pulse rate, 92, and the 

respiratory rate, 24. Laboratory examinations revealed normal urine, a negative 
Kahn test of the blood, a leukocyte count of 5,300 and a hemoglobin content of 
76 per cent. Roentgen examination showed an obstructing lesion of the ascending 
colon. A preoperative diagnosis of carcinoma of the ascending colon was made. 

Dr. Coder operated on February 29 and made the following notes ; The body 
of the pancreas was 8 cm. in width and hard and thickened. The condition seemed 
to be characteristic of carcinoma. The right lobe of the liver was studded with 
carcinomatous nodules. A nodule was present in the wall of the hepatic flexure; 
there was one nodule in the abdominal wall, and still others were present in the 
transverse mesocolon. There was not enough obstruction to the colon to warrant 
colostomy. 

The microscopic examination of the biopsy specimen was reported on as fol- 
lows: The bit of tissue (mesentery?) showed infiltration by adenocarcinoma. 
The care, noma occurred in the form of small nests lined by high columnar epitbc- 
hutn and showed a fair degree of differentiation. 

Postoperative convalescence was satisfactory, and the patient was disci, arced 

“cm. srs ” M -" h 8 - ~ -t » * 

com^Tni^, L‘p « J °” F ' 5K ' 

k tirrr 2 ’he tssr 
= s irrSdsod^r “■ 
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f T 3 to , 4 CH1 - Thc — ' vas finn to palpation, quite tender and 

U on V , , T USClC spasm was prcscnt The biood pressure was 135 systolic 
and 90 > diastolic; the temperature, 98 R; the pulse rate, 88, and the respiratory 

nte .0. The laboratory studies revealed normal urine; a negative Kahn test of 
the blood ; a leukocyte count of 4,000, and a hemoglobin content of 7S per cent. 
Roentgen examination after a barium enema revealed nothing abnormal. Roent- 
genograms of the gastro-intestinal tract gave negative results except for evidence 
of an extra-alimentary mass circumscribed by the third portion of the duodenum, 
probably a malignant cyst of the tail of the pancreas. A clinical diagnosis of 
cancer of the pancreas was made. 


Dr. Coller performed an operation on June 18 and made the following observa- 
tions : T he entire body of the pancreas was the site of a carcinoma which was 
about 7 cm. in width, involving the entire pancreas except the head. It was firm, 
nodular and fixed. The right lobe of the liver contained several metastatic 
nodules varying from 1 to 5 cm. in diameter. The gallbladder was somewhat 
enlarged. Several lymph nodes along the border of the gastrohepatic omentum 
were enlarged. The common duct was not enlarged. 

A biopsy specimen taken from the liver was reported as being medullary car- 
cinoma; there was nothing in the specimen to show whether the condition was 
primary in the liver or metastatic. 

The postoperative course was uneventful, and the patient was discharged from 
the hospital on June 27. He died on August 2. Jaundice had developed a short 
time prior to his death. 

Case 15. — E. C., an American railroad clerk, aged 56, was admitted on May 
24, 1933, complaining of pain in the abdomen, chest, shoulder blades and legs. The 
symptoms had begun two years previously with pain of a throbbing type in the 
lower extremities, for which morphine had been required ever since. The abdom- 
inal pain began one year before entry and at first was sharp and shooting, later 
becoming constant, dull and throbbing. It often radiated to the back and shoulders. 
The patient complained of shortness of breath, gas and constipation. The pain 
was especially severe at night, so as seriously to interfere with sleep. The patient 
believed that there had been a slight loss of weight, but he was not clear as to 


the exact amount. 

Physical examination showed a middle-aged man suffering from agonizing 
abdominal pain. The abdominal examination gave normal results. The blood 
pressure was 190 systolic and 100 diastolic; the temperature, 99 F.; the pulse rate, 
SO, and the respiratory rate, 20. The urine contained sugar ( + )^ The Kahn test 
of the blood was negative. The leukocyte count was 9,600, with 72 per cent poly- 
morphonuclears; the erythrocyte count, 3,000,000, and the hemoglobin content, 
per cent. Examination of the stool revealed a -f-f- reaction to the benzidine test. 
Roentgen examination showed a definite intrinsic lesion of the proximal portion 
of the duodenum with partial obstruction, the exact nature of which could not be 
determined. The clinical diagnosis was duodenal neoplasm with obstruction. 

Operation was performed by Dr. Potter on June 10, who made these observa- 
tions: The liver was small and normal. The gallbladder was sma an con 
tracted and contained stones. In the second portion of the duodenum was a no u 
mass situated posteriorly which on careful exploration by incision o t ie pen 
tonernn over the retroperitoneal part of the duodenum seemed to be P™ nar ‘> 
the pancreas. The mass was from S to 10 cm. in diameter, with extension 
into the regional lymph nodes and encroachment on the duodenum. T ^ 
mild dilatation above this mass but no evidence of obstruction of the ) . -. • 



ransom-carcinoma or pancrras 


fiMr 


adenocarcinoma, nppatc nily 


No palliative procedure was thought advisable. A small bit of the iv.mmw- m 
the neighborhood of the tumor was removed for biopsy. 

The microscopic report on the biopsy specimen was 

'“"The postoperative course was uneventful. There was much \,y pain afvi 
operation than the patient had had previously. He was discharged ir-mi the h— 
pital on June 22. In a letter dated March 6, 1934. he stated that he felt 
siderably better for a few weeks after returning home, but that the pain had 
increased in severity, being present in the back, arms, legs and abdomen. 

Case 16.— I. H., an American housewife, aged 66, was admitted cm Am:, 

1933, complaining of attacks of sharp epigastric pain and constipation. Symptom 
had begun six months previously with attacks of pain in the right upper <psndrnn! 
occurring ever)' night and lasting from three to six hours : they were associated 
with nausea but no vomiting. There was residual soreness with dull, constant 
pain between attacks. The pain often radiated to the back and gradually involved 
both the left upper and the left lower quadrant. The appetite had been ]mor, and 
there was troublesome constipation. There had been a loss of 20 pounds (9 Kg.,1. 

Physical examination showed a moderately obese middle-aged woman, obviously 
in severe pain. The abdominal examination showed epigastric tenderness extending 
into the left upper quadrant but no mass or muscle spasm. The blood pressure 
was 148 systolic and 94 diastolic; the temperature, 99 F. ; the pulse rate. 88. and 
the respirator)' rate, 20. The laboratory studies revealed normal urine, a negative 
Kahn test of the blood ; a leukocyte count of 12,600, with 67 per cent pedymorpbo- 
nuclears; an erythrocyte count of 4,350,000, and a hemoglobin content of 80 per 
cent. Examination of the stool gave negative results. An electrocardiogram gave 
negative results on two occasions. Roentgen examination showed hypertrophic 
arthritis of the spine; the Graham test showed a large, normal gallbladder empty- 
ing after a meal of fat and giving no evidence of stone. Roentgenograms of the 
gastro-intestinal tract and examination after a barium enema showed no positive 
organic lesion of the colon and no lesion of the upper alimentary tract. There 
was no evidence of renal calculi. The clinical diagnosis was carcinoma of the 
body of the pancreas or gallstones. 

Operation was performed on September 15 by Dr. Ransom, who made the 
following notes: The gallbladder was slightly distended. In the body of the 
pancreas a large hard, fixed nodular mass was felt. The common duct was entirely 
normal. There were no metastases. The liver was normal. A cholccystogns- 
trostomy was done to anticipate future obstruction of the biliary tract. 

The postoperative course was uneventful, and the abdominal pain practically 
disappeared. The patient was discharged from the hospital on October 4 A 
follow-up note dated March 9, 1934, stated that the pain had returned with 
increased seventy; it was greatly aggravated by bowel movements. 


SUMMARY 

Sixteen cases of carcinoma of the body or tail 0 f the pancreas verified 
bj operation or necropsy have been reviewed. 

carcinoma of the pancreas^ The average age ^ 
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T lie symptomatology is characterized by severe pain, frequently 
occurring in crises, rapid and extreme emaciation and complete absence 
of jaundice. 

An abdominal tumor was palpable in exactly one half of the cases. 

Laboratory studies were of little assistance in arriving at a correct 
diagnosis. 

Roentgen studies suggested the diagnosis in one fourth of the cases. 

Clinically carcinoma of the body of the pancreas was mistaken for 
carcinoma of the colon more frequently than for any other single 
condition. 

The average duration of life following operation was four and 
seven-tenths months , or ten and two-tenths months from the time symp- 
toms were first noticed. 

Various forms of surgical operation frequently afforded temporary 
relief from symptoms, but pain generally recurred before the time of 
death. s ? ' t l 



SLIPPING OF THE PROXIMAL FEMORAL 
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Much has been written regarding slipping of the proximal femoral 
epiphysis or the so-called epiphysiolvsis. 'Hie literature in the main 
consists of case reports and deals with diagnostic or ctiologic ciitciin 
rather than with treatment. 

The therapeutic maneuvers which arc recommended are designed 
essentially to realine the femoral head by either conservative or opcralm. 
methods and to encourage its union to the neck hv immobilization or 
rest. Unfortunately, inadequate follow-up histories are given in many 
of the cases reported, so that the reader is often unable to determine 
the value of the methods suggested. Despite the experience which was 
derived from the treatment of over 147 patients and which was reported 
in recent periodicals, there is still no unanimity of opinion regarding the 
most effective method of correction. 

This study is prompted by a desire to determine the end-results of 
cases in which the patients were treated for this condition by various 
accepted methods and observed over a period of years. It seems partic- 
ularly appropriate for the roentgenologist, as an unbiased agent, to do 
this, since his department is the medium in which most of the cases cir- 
culate and in which comparison of the various methods employed is 
possible. The roentgenogram follows the lesion from its inception to its 
termination. 

In the pursuit of any activity there comes a time when it seems 
advisable to pause and take inventory. What is the objective? By what 
means does one seek to attain it? What has one accomplished? In the 
disease in question the time seems propitious for this self-examination 
It is only m this manner and by this method that one can profit by one's 
allures, sharpen one’s surgical judgment and improve one’s technic 
Stated diffe rently, the proposition is: Given a disease with a known 


* Fellow, Henry W. Frauenthal Scholarship. 

From the Department of Roentgenology, Hospital for Joint Diseases 
Read before the Section on Orthopedic Surgerv New York a 
Medicine. March 16, 1934. g y ’ New lork Academy of 
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deformity and given a method or methods for its correction, the end- 
j esults justify the means employed. The consideration of methods is 
the purpose of this communication, and the justification of the methods 
uni be obvious from the data submitted. 


REVIEW OF THE LITERATURE 

Wilson J reported the cases of 7 patients with cpiphysiolysis treated 
at the Massachusetts General Hospital by surgical realinement of the 
head. Of this number, 2 patients had slight slipping and 5 had marked 
slipping ; in 3 of the latter the bones had previously united in malposition. 
Wilson secured good operative results, with the exception of a slight 
limitation of flexion and shortening of the extremity varying from 
to 1 inch (0.6 to 2.5 cm.). 

Key’s " excellent sttmmaiy of the subject includes reports on 24 
patients. Good results were obtained in the cases of 2 untreated adult 
patients and of 4 children for whom casts or braces were employed. 
There were poor results in 7 cases in which manipulation was used 
and in 1 case in which surgical realinement of the head was employed; 
in this eighth case an ankylosing arthritis followed the treatment. The 
9 other cases were not followed up for end-results. Five cases were in 
older persons who were operated on for the correction of coxa vara 
deformities, and it is of interest to note that 1 of these patients died 
of infection. 

Ba2ensweig 1 2 3 reported 18 cases, in 2 of which the process was bilateral. 
Six patients showed slight slipping, and the remaining 14, marked 
slipping. Three patients with slight slipping were followed up for 
end-results. One untreated patient and 1 patient treated by immobiliza- 
tion in a cast had an excellent result, and 1 patient treated by manipula- 
tion had a fair result. Ten patients with marked slipping were followed 
up. For 8, manipulation had been used ; a bad result followed in 6 cases, 
a fair result in 1 case and an excellent result in 1 acute case. In the 
remaining 2 cases operations were performed; in 1 a bad result followed 
the removal of- a wedge from the epiphyseal line, and in the other the 
end-result was fair, but the type of operation was not stated. 

Bernstein and Arens 4 reported 6 cases, in 2 of which the condition 
was bilateral. Of the 3 cases followed up, a fair result was obtained 


1. Wilson, P. D.: Displacement of Upper Epiphysis of Femur Treated by 

Open Reduction, J. A, M. A. 83:1749 (Nov. 29) 1924. r . , 

2. Key, J. A. : Epiphyseal Coxa Vara or Displacement of Capital Fp'P'O 
of Femur in Adolescence. J. Bone & Joint Surg. 8:53 (Jan.) 1926. 

2. Balensweig, L. : Femoral Osteochondritis of Adolescence and S 
Epiphyseal Separation of Hip, Surg., Gynec. & Obst. 43:604 

4. Bernstein, M. A., and Arens, R. A.: Epiphyseolys.s, Rnd.ologj 9.49/ 

(Dec.) 1927. 
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in 2 cases in which the patient was not treated, and a Rood result in an 
acute case in which manipulation with replacement had been resmted 
to within two days of the onset. 

Smith 5 6 reported 2 cases of bilateral slipping in which the patient 
was treated by manipulation with good results. 

Badgley G reported 27 cases, in 5 of which the slipping was lateral. 
Of 19 cases in which manipulation was employed, there were good 
results in 9, fair results in 1 and poor results in 9. Subsequently in 
5 of these cases in which the results were unsatisfactory surgical 
refinement of the head was resorted to. Nonunion resulted in 2 tusts. 
fibrous ankylosis in good position in 3 case and fibrous ankylosis in 
poor position in another case; the period of observation of the fifth 
case was too short to enable one to estimate the end-result. In the 2 
remaining cases a Whitman reconstruction operation was performed. 
In 1 the result was favorable ; in the other ankylosis of the hip developed. 

Willis 7 * * gave the end-results for 12 of his 15 patients. He employed 
casts in 6 cases, with satisfactory results, but he failed to mention the 
instances of manipulation prior to their use. He employed braces in 5 
cases, with fair results in 2 and failure in 1, in which a subsequent 
oblique osteotomy of the neck of the femur resulted poorly. In the 
1 case in which he employed manipulation successfully the patient 
showed secondary arthritic changes within a short time. Willis 
obtained good results in 4 cases in which operation was resorted to; in 1 
case previous manipulation had failed to help. Unfortunately, he did 
not state the type of operation performed. 

In his article on injuries about the hip joint Johnson 5 presented 
roentgenograms taken in a case of acute traumatic separation in which 
the defect was slightly overcorrected by traction and abduction lmt 
in which there was perfect function within three months. 

Jahss 0 successfully treated 3 patients by a new method of non- 
surgical reduction. He converted the condition into one of acute fracture 
by forceful manipulation ; this procedure was followed by immobiliza- 
tion in plast er casts. He 10 obtained good results later in the preslippiug 

5. Smith, M K_: Epiphyseal Coxa Vara, Am. J. Surg. 5:387 (Oct.) 1928. 

6. Badgley, C. E. : Displacement of Upper Femoral Epiphysis • Summarv of 

Twenty-Seven Studied Cases, J. A. M. A. 92:355 (Feb. 2 ) 1920 ° ° 

U:7» Th ' SliWi,,B j- Bone' & Join, S„, s . 

GynecJ&'obst'. Ini ” rie ‘ Ab » l >>» H! » »*• *«g, 

c.n,’coS S t4f: : STai'*’* E 7 h r “ f (Adoles- 

(Oct) 1931. ' 1 C1 “' <1 R “ !l,rl “' }■ Bone & Join, S a,g. 13,856 
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• ‘ r 1 , 3 addU,0nal Ins ^ ances in which premature ossification was 
induced by impaction with the Cotton mallet. He- now employs 
impaction in all cases except when there is acute slipping, believing prob- 
n ) v correctly, that union of the epiphysis to the femoral neck by what- 
ever means is the primary consideration. 


Perkins 12 reported a case of surgical realinement by the Wilson 
method which resulted in aseptic necrosis of the femoral neck. 

h eiguson and Howorth 13 studied 70 cases. Improvement was noted 
in 3 cases of slight slipping in which no treatment was given and in 
12 cases of slight slipping in which the patient was treated with braces. 
1 1 action was used in 9 cases ; / were too recent to enable one to 
determine the end-results, but in 2 cases in which the patient was 
tteated several years previously the results were good. Although 
manipulation was employed in 21 cases, it failed to realine the head in IS. 
In the 3 cases in which it was successful the displacement was slight, 
and the reduction was accomplished within one month after the onset 
of the disease. Operation was performed in 18 cases. In 11 cases 
attempts to realine the head were made- — in 5 by freeing the head 
at the epiphyseal line and in 6 by cuneiform osteotomy of the epiphyseal 
line. Of the cases followed up, in 3 there was anatomic but no functional 
improvement, and in 3 the condition was much worse. In all of the 
patients the condition was one of long standing, and several patients 
previously had had manipulations. A reconstruction operation was 
performed in 2 cases — in one after four attempts at reduction and one 
operation and in the other after an attempt to hold the head by a spike 
which penetrated the joint. No results are given. Secondary sub- 
trochanteric osteotomy for a stiff hip or a contracturewasperformedinl 

cases. In 1 case in which drilling had been done, a good result was 
reported, with ossification at the epiphj'seal line after three months. 
Ferguson and Howorth concluded that adequate rest for the hip is 
the most important factor in obtaining a good result, particularly in 
cases of slight slipping. They stated that if the period before expected 
union is longer than six months drilling across the epiphyseal line v i 
hasten union. In recent cases in which marked slipping has occurred 
manipulative reduction is recommended. In cases of chronic marked 
slipping surgical reduction or subtrochanteric osteotomy, after quiesenc 
is advised. 


11. Jahss, S. A.: Personal communication to the authors. 

12. Perkins, G. : Treatment of Adolescent Coxa Vara, Brit. M. I- 1:55 


1932. 

13. Ferguson, A. B., and Howorth, M. B.: SHppm.? of the Upper ' F^ntorj 
Epiphysis: A Study of Seventy Cases, J. A. M. A. 97:186/ (Dec. 19) 
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Taylor 11 reported 23 cases with the follow-up histories for 13 hips. 
Manipulation was used in 4 instances, with good results in 1. p"'*r 
results in 2 and fibrous ankylosis in 1. In 1 case ot Mirgica! 
realinement function was good, hut marked arthritic changes 
appeared. Transtrochanteric osteotomy was used m 5 cases 


cases 


gradual slipping, with good results in 3 cases, fair results m 
and bad results in a case in which reslipping occurred owing to too 
short a period of immobilization and in which a bifurcation operation 
was ultimately required. In 1 case the hip was immobilized for eighteen 
months with a good functional result hut only fair anatomic aiincmenl. 
Another patient under treatment for five weeks hv gradual traction had 
good anatomic alinement with promising function. 

Table 1 . — Summary of the End-Results in M~ Cases Reported to Pate 


Number Oood 

Nonoperative procedures 

No treatment G 4 

Cast 10 10 

Brace H 12 

Traction S S 

Cotton mallet 8 8 

Manipulation i) acute r. 

r>S chronic 15 

Total 10S f.S 

Operations 

24 11 

3 0 

ajl.lllUfc 1 1 

Osteotomy for coxa vara 11 7 

Total 33 13 
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Taylor concluded that patients with this condition should he treated 
by manipulation and prolonged protection from weight bearing, the 
manipulation being best accomplished by prolonged extension of the 
limb on a frame. 

Wardle 15 discussed treatment by gradual traction as opposed to 
rapid traction and reported good end-results in the cases of 3 patients 
treated by this method. Two were cases of acute traumatic slipping 
of one month s duration, and in the third the slipping was nontrau- 
matic and of eight weeks’ duration. Wardle treated his patients by trac- 
tion m a frame and bandaging in internal rotation, the opposite leg being 
used for countertraction. It took from eight weeks £ three montS 
P ’ e reduct ™. which braces were applied for a 

M.'h "" F « Eniphy*. Brit 

IS. Wardle, E. N. : Etiology and Treatment nf cr , . 

of the Femur, Brit. J. Surg. 21 : 313 (<£? MM* SliPPCd Epiph} ’ sis of the Head 
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-inf] font 1 ° n . e . year * His complications included pressure sores 
■ cl foot diop, but his good end-results appeared to him to justify the 
difficulties encountered. He concluded that gradual traction was the 
most efficient form of treatment and that subtrochanteric osteotomy 
was an excellent second line of defense after the deformity had con- 
solidated. He condemned surgical operation (table 1). 


COMMENT 

In the foregoing summary we have collected cases from the 
liteiatuie which were followed up and in which the results were 
accepted as end-results by the authors, and we have attempted to classify 
the results according to the procedures employed. Within certain limits 
this is impossible, since in many instances these divisions were not 
clearly stated in the text. The classification, such as it is, gives the 
results and the conclusions which have served to crystallize surgical 
opinion regarding what can be accomplished in this disease. There has 
been built up, as a result, an erroneous impression which is unjustified 
by the facts, because the situation is •worse than could be expressed by 
figures. We do not imply that the disease is uniformly mistreated, but 
it is our feeling that the value of radical surgical measures has been 
unfortunately and unnecessarily overemphasized. 

Our summary reveals a somewhat surprising picture. According 
to the testimony of the various authors, good results were obtained in 
approximately 50 per cent of all of the cases, regardless of whether 
radical or conservative procedures were employed. Were we to accept 
these figures as an accurate portrayal of the situation, we should be 
unduly optimistic regarding the treatment of the disease. Our experience 
is in no way comparable, and when we study the cases reported the 
reasons for this discrepancy become obvious. 

In some of the cases in which the results were reported as end-results, 
the period of observation after treatment was too short to permit of a 
positive estimate of the success of the treatment. In some instances the 
position of the alleged replaced femoral head was misinterpreted from the 
roentgenogram ; we have found this to be a common source of error. 1 he 
osteoporosis of the epiphysis following immobilization makes visualiza- 
tion of the presenting cartilaginous plate surface of the head extremely 
difficult, particularly through a plaster cast. 

Many of the patients who were successfully treated by means o 
braces or casts had had one or more manipulations. Their cases shou f 
have been classified as instances of failure following manipulations. 

Some of the good end-results following correction by surgical inter- 
vention were in early cases. One would now hardly recommenc t ns 
procedure. 
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In the 5S chronic cases in which manipulation was done. tlu*rc 
were 15 successful repositions of the femoral head. This is a curious 
fact when one considers how difficult it is at times to replace the epiphysis 
even by operation or in acute traumatic cases. 

How are we to classify the cases of over 20 per cent of the patients 
who were treated and for whom no adequate follow-up data exist : 


SOURCE OF MATERIAL AND DEFINITION OF TERMS 

All of the patients in our own scries were trcatcil by the orthopedic depa<Tuu(U< 
of the Hospital for Joint Diseases, and the majority were semiprivate patients 
and patients from the wards. This is fortunate, because their records are r. m- 
plete and the results more closely represent individualistic and unrestricted effort*,. 
We are therefore enabled to present an accurate cross-section of the end-result* 
of all of the accepted methods of treatment. Many of (lie patients were observed 
over a period of years. 

We have rejected cases the records of which arc incomplete or unsatisfactory 
or in which the films showing the original condition and end-result are W't 
available. 

The results were designated as good, fair, poor or had, depending on the 
degree of anatomic restitution. In the determination of tiic functional end-results, 
we eliminated subjective impressions and accepted verbatim the clinician’s appraisal 
or interpreted, in unequivocal terms, his analysis of what had been accomplished. 
We were aware, of course, that one had to consider end-results in terms of the 
original condition, and we took cognizance of the fact that imperfect anatomic 
restitution was in no way incompatible with good function. 

Medical language does not lend itself readily to an extremely fine description 
of minute pathologic alterations. Attempts at classification In most instances 
resemble a melodic episode in which the theme of the subject is suspended or 
perhaps even lost in the by-paths of the accompanying instruments. It seemed 
futile to divide the lesion into innumerable types all predicated on the degree of 
slipping of the femoral epiphysis. Numerous imponderable factors militate against 
such fine distinctions, and for purposes of study we simply divided the lesions 
into the following types: 

Slight slipping 
Marked slipping: 

(a) Acute traumatic 

(b) Chronic 
Union in malposition 
Old cases 


Slight Slipping. This group includes cases in which there is little or no 
rwT • S °T ° f the CaSCS the roentgeno £ ra ni shows a normal picture but 

wifaing of the epiphyseal ,i« which is tet ^ ‘T = 

examined with the femur in external rotation Occasional! v tW • ... ! 

resorption on the metaphyseal side of the epiphyseal line with a mJj “ ? d ’ St " 1Ct 

in the density of the articular cortex of the epiphvsis s’ubiar P l" Crease 

cartilage plate. Loss of the “hump” fom^ L th t0 the ep,ph - vseal 

epiphysis at the epiphyseal line sometimes otuS. q “ dn “ ,t ° f thc 
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ydZl Sltt’fuiig. 1 he roentgenograms this group show a typical picture. 
J he degree of slipping of the capital epiphysis depends on the severity of the lesion 
and at times may amount to as much as 1 inch (2.5 cm.). As the femoral 
epiphysis slips, it rotates downward, backward and inward, so that a variable 
extent of its epiphyseal plate surface faces forward. As a result of this rotation 
there is an apparent flattening of the head. The hump previously referred to 
disappears, and a distinct gap is noted between the epiphysis and the neck of the 
femur at the upper end of the epiphyseal line. The neck of the femur is displaced 
anterior to the epiphysis. Distinct rcsorpt ive changes occur in the neck, so that 
even the apparent!)' flattened femoral head appears too large for it. 

Clinically, these cases may be divided into the acute and the chronic type. In 
the acute type there is usually a history of severe trauma with associated clinical 
symptoms of a fracture. Our cases of acute slipping corresponded to the early 
cases of Badgley, the early cases with trauma of Jahss and the rapid complete 
cases of Perkins. In the chronic cases there may or may not be a distinct history 
of trauma or, at best, repeated mild injuries never sufficiently severe to incapaci- 
tate. It is difficult at times to judge whether a case belongs to the acute or the 
chronic type. The histories of clinical patients are notoriously unreliable, and 
many children suffer repeated falls without epiphyseal displacement before their final 
severe trauma. Wilson called these marked cases instances of complete separation 
and did not attempt to subdivide them. Ferguson and Howorth referred to them 
as cases with slipping. Our chronic cases corresponded to the advanced cases of 
Badgley, the late case of Jahss and the repeated incomplete cases of Perkins. 


Union in Malposition . — These cases resemble those classified on roentgen exam- 
ination as cases of marked slipping except that the head and neck are malunited. 
There is a distinct increase in the width of the femoral neck, with a fairly pro- 
nounced coxa vara deformity. The femoral head is frequently flattened and 
somewhat deformed. They correspond to the healed cases of Badgley or the 
residual cases of Ferguson and Howorth. 

Old Cases . — This group represents the end-results of all types of cases. After 
the age of 18 years secondary arthritic changes were practically universal in our 
cases as well as in those reported by previous writers. 


ANALYSIS OF CASES 

We were able to review the roentgenograms of 101 patients with 
a condition diagnosed as slipping of the upper femoral epiphysis nho 
were observed from 1925 to 1933 and who were treated b) 11' P r0 
cedures. Of these patients, 14, 8 of whom were adults, had hi atera 
slipping. A total of 107 hips were studied in children. The yotmges 
patient was aged 8 years, and the oldest was a girl of 18. Forty c ” c 
were extremely obese and of the Frohlich type ; a I had a distinct i . 
of trauma. According to the classification as given, there werc 
patients with slight slipping and 53 with marked slipping, ie < 
varying from little or no displacement to. almost complete 
of the capital epiphysis so that the plate surface faced forward. ^ 
Eleven patients received no treatment, as they did n 
the outpatient department. Eight received nonorthopedre : * 

such as ultraviolet irradiation with the air-cooled quartz xncrci J * P 
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6 different methods of correction were employed. 


CASES IN WHICH CONSERVATIVE TREATMENT WAS l.MJI.nU.H 

All the patients who were observed prior to 1926 were Seated 
conservatively. This method was also employed when permission tor 
surgical intervention was refused, or when the patient’s physical con- 
dition did not warrant radical measures. 1 he cases in which conservative 
treatment was given were distributed as follows . 

No. of Caw- 

Manipulation 

Immobilization in a cast 9 

Impaction by the cotton mallet 1’ 

Immobilization in a cast and traction 5 

Traction 1 

Rest (opposite hip) 


\ 


\ 


Manipulation — According to the classification as given, there were 
21 cases of slight slipping and 23 cases of marked slipping, making a 
total of 44, in which the patients underwent 5S manipulations. Only 
35 cases were followed up for function. The method of manipulative 
reduction varied only slightly in the different services. The Jahss 
method was employed in 3 cases, and the Leadbetter method in 1. The 
Whitman abduction method was employed in the remaining cases. 

A distinct history of trauma was obtained for 19 of the patients with 
marked slipping, and only 5 showed immediate improvement in almcmcnt 
after manipulation, but these 5 were treated within three months after the 
trauma. In 11 cases manipulation was resorted to more than once, 
as the head was not realined at the first effort ; in 1 case manipulation 
was performed 5 times. In 7 cases in which manipulation was unsuc- 
cessful operation was subsequently performed. In 2 cases manipulation 
followed operation. One of our patients required a secondary opera- 
tion for knock-knee several years after the occurrence of epiphyseal 
union at the hip. In 1 case aseptic necrosis of the femoral head 
developed following manipulation, and in a case in which operation 
was performed a similar complication developed after manipulation at 
another hospital. 


In the cases of slight slipping, there were good functional results in 
13 instances, fair results m 2 and poor results in 3. It is notable that in 
these cases of slight slipping there were no bad functional results 
In the cases of marked slipping, however, there were good results in only 
‘ mstances - fa,r results m 4. poor results in 5 and bad results in 3 
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Immobilisation hi a Piaster Cast. -Nine patients were treated by 
immobilization of the limb in a spica cast. There was slight slipping 
in 4 cases and marked slipping in 5. All were followed up. In 2 cases 
of slight slipping good results were obtained, and in 2, fair results. 
J he 5 patients with marked slipping had poor results because of marked 
limitation of motion at the hip due to extreme malalinement of the 
capital epiphysis. 

Impaction by the Cotton Mallet. — Impaction by means of the Cotton 
mallet to promote union was used in 9 cases. In 6 there was slight 
slipping, and in 3, marked slipping. Orthopedic treatment had not 
previously been used in these cases. The shortest period within which 


Table 2. — Results in Eighty-Five Cases in Which Conservative Procedures Other 

Than Operation Were Employed 


Treatment 

Xo. of patients examined. . . 


Manipula- 

tion 

5S 

(42 cases) 


Spica 

Cast 


Cotton Cast and Trae- 
5Ia))et Traction tion 


Degree of slipping* S 51 

23 33 

(19 (23 

cases) cases) 

Anatomic results 

Good 13 5 

Fair 7 7 

Poor 3 li 

Bad 0 6 


Functional results 

Good 13 5 2 

Fair 2 4 2 

Poor 3 5 0 

Bad 0 3 0 

Repeated surgical procedures 10 0 

Repeated nonsurglcal pro- 
cedures 4 12 0 


S indicates slight, and M, marked. 


51 

5 


0 

0 

3 

0 


0 

0 

5 

0 

0 

0 


5 

0 

1 

0 

0 

0 


51 

3 


51 


0 

0 

2 

0 

0 

0 


0 

0 

0 

0 

0 

0 


Rest 

3 

(opposite 

sides) 

S >1 


Totnt 

S3 


3 

0 

0 

0 

0 

0 


0 

0 

0 

0 

0 

0 


23 

5 

4 

0 


M 

45 


i 

24 


a 

12 


o 

12 


union occurred was two months after impaction, in a patient aged 14. 
and the longest period was over twelve months, in a patient age 


years. 


In 7 cases the results were good and the function was exce en . 
The only residual symptoms were slight limitation of interna iota ion 
and slight shortening of the limb, such as are nearly awajs om 
treated and untreated patients with epiphysiolysis. The other P a 
had poor results. One patient, aged 10 years fell (one *** J (hc 
operatively) and sustained a fracture of the neck of the fen 
involved side after what appeared to be an excellent result, c ias ' 
few degrees of motion in the hip joint. This case should ngh fdh 
considered an instance of an excellent result follow,,* mtp JJ- 
it was unfortunately complicated by the accident. The . P 
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aeed 14 with marked slipping sustained an almost complete separation 
of the ^ital epiphysis after impaction. The cpiphysts untied m mri- 
position, and the patient now has fan- function. 

Immobilisation in a Cast and Traction .-The method was employed 
in 5 instances. The patient was treated by dan traction until all of t 
muscle spasm was overcome; the limb was then immobilized in a plaster 
spica. Three of these patients had slight slipping, and maiked slip- 
ping. In 1 of the cases of slight slipping the result was good, and m - 
the function was poor. Operation was subsequently performed in 1 ot 
these 2 cases. The 2 patients with marked slipping showed poor func- 
tion. The head of the femur was not realined by our method of skin 
traction. 


Traction ,— In only 1 case of slight slipping in which traction was 
employed was there a good result. 

Rest —There were 3 cases of bilateral slipping in which only one 
side was actively treated. All were cases of slight slipping; good results 
Avere obtained on the untreated side after the patient was given pro- 
longed rest in bed (table 2). 


CASES IN WHICH OPERATION WAS PERFORMED 

All except 2 of the cases in which operation rvas performed were 
instances of marked slipping of long duration. In some cases previous 
conservative measures had failed. In these instances the deformities 
Avere pronounced, and pain and disability were prominent features of 
the process. Operation by drilling, however, Avas performed in only 6 
cases of slight slipping. The methods employed Avere as follows: 


No. of Cases 


Reconstruction operation 11 

Realinement of the epiphysis 5 

Pegging 5 

Drilling operation 

Osteotomy for coxa vara o 


Reconstruction Operation . — A reconstruction operation or arthro- 
plasty was performed on II patients with marked slipping of more than 
six months’ duration. In 3 of the patients previous manipulation had 
failed, and m 2 previous realinement of the head was unsuccessful In 
1 the deformity had increased despite the treatment with traction 
In all of these cases functional and anatomic end-results were poor 
In 3 cases a l.nuted degree of motion but no rotation was retained • in 1 
case there was passive but no active motion. There was marked osteo- 
arthritis m 2 patients and complete bony ankylosis of the hip joint 
m 4. One patient showed aseptic necrosis of the femoral epiphysis- 
"-l.cn the patent ..-as !ast seen the epiphysis appeased to be al, dosing. 
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A secondary operation was required in 2 cases. One patient, in whom 
sunylosis m poor position had occurred, required a subtrochanteric 
osteotomy. Another patient had marked shortening, so that a lengthen- 
ing of the tibia was undertaken ; nonunion resulted. Two years later, 
however, following hone graft operation, osteomyelitis developed. One 
patient sustained a fracture of the shaft of the femur during operation 
and now has a lesidual stiffness of the knee following pin traction. 

Realinement of Ihc Epiphysis . — This procedure was employed 
in 5 cases, in 2 of which previous manipulations had failed. Realinement 
was not simple, since the femoral head was often found either partially 
or completely united to the shaft. Callus was often found about the 
neck of the femur, according to Ferguson and Howorth. At best, how- 


1 adle 3. — Results iii Twenty-Nine Cases in Which Operation Was Performed 


Rccon- Renline- Wedge . Osteotomy 
struc- went of and for Coxa 

Treatment tfon Head Peg Drilling Vara Total 

No. of patients examined 11 3 5 6 2 20 

Degree of slipping* * .... S 31 S 31 S 31 S3 1 S 31 S 31 

1 10 0 3 If 0 0 0 2 S 21 

.Anatomic results 

Good 00 00 10 60 01 71 

Pair 00 01 02 00 00 03 

Poor 02 0 0 01 00 00 03 

Bad IS 04 01 00 01 lH 

Functional results 

Good 00 00 10 5 -0 01 0 1 

Fair 00 01 00 00 00 01 

Poor 1 2 00 01 00 00 1 3 

Bad OS 02 01 00 01 0 12 


Reoperations 

Operation 0 0 

Still under treatment 0 0 


0 2 
0 0 


0 0 
0 2 


0 0 
1 0 


0 0 
0 0 


0 2 
1 2 


* S indicates slight, and 31, marked. 

ever, the so-called realinement of the epiphysis was only partially suc- 
cessful ; a residual displacement was present in all of our cases. In 4 of 
our cases there was a distinct history of trauma; all of the patients 
were seen more than eight months after the onset of symptoms. There 
was a fair functional and anatomic result in 1 case. Bad results uere 
obtained in 4 cases of surgical realinement of the head. In 2 of these 
cases there was complete ankylosis postoperatively, and in 2 others t ie 
patient was subjected to reconstruction operation at a later date in 
because of nonunion of the head six months after surgical realinemcn 
and in the other because of malunion. 

Pegging. — In this series, 5 patients were treated by resection at the 
epiphyseal line, realinement of the head with the neck and .\ation 
with an ivory screw or bone peg. With 1 exception, these were marked 
cases. Two were traumatic and of eight months’ duration, and ver 
nontraumatic. In 2 cases the patient required subsequent mampu a in 
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in 1 of these cases drilling was subsequently 


In both cases the 


for flexion contractures; 

resorted to at another hospital to promote union, 
functional results were poor. Two patients are still under observation. 
The only good result was in 1 patient with slight slipping who had heen 
observed for five years. 

Drilling. — Simple drilling was employed in 5 cases, and in an addi- 
tional case a peg was inserted through the drill hole. In 1 case of bilateral 
slipping the opposite side, on being manipulated, united within five 
months; the drilled side, after eight months. In a second case of bilateral 
slipping the side for which rest only was employed united before the 

drilled side. In this instance union was demonstrated eight months 

after operation. Although the patients in 2 other cases were only 10 

and 11 years old, respectively, union was effected after three months. 

There were no complications in this group, and the functional results 
were uniformly good. 

Osteotomy. — Two untreated patients were seen in this institution 
after union had occurred with residual coxa vara deformities. Iti 1 case 
a wedge osteotomy through the neck of the femur was performed; it 
did not correct the deformity. In the second case a subtrochanteric 
osteotomy through the shaft of the femur produced an excellent result 
(table 3). 

COMPLICATIONS AND SEQUELA K 

There were 9 cases with complications in the 29 cases in which 
operation was performed, and 4 cases with complications in the S5 
cases in which operation was not performed. In 1 case in which opera- 
tion was performed and in 1 case in which manipulation was employed 
fractures were sustained on the operating table. Secondary arthritis 
followed in 3 cases in which operation was performed and in 1 case in 
which manipulation was employed. Of 5 cases of aseptic necrosis opera- 
tion was resorted to in 4 and manipulation in 1. In 1 of these cases and 
m 5 cases in which operation was performed complete ankylosis of the 
hip subsequently developed. 

Manipulation was performed on 4 patients prior to operation and on 
2 P f ent! > after operation. Two patients underwent resection of the 
epiphyseal line prior to a reconstruction operation. Secondary opera- 
ions were required in 3 cases: a lengthening of the bone of the tibia 

" 0S "° tomy ° f * he i5 ™ r a osteotomy of 

COMMENT 
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J he principles applied in the treatment of preslipping or slight slip- 
ping are fairly well defined. The desire is to prevent further slipping- 
!” 0,d * r 10 do 50 one attempts to hasten the ossification at the epiphyseal 
mc \ l leconini °n methods are the use of casts with or without traction, 
manipulation, drilling and impaction with the Cotton mallet. 

In our series, the group in which manipulation was employed was 
iy ai the largest, and the cases of marked or chronic slipping pre- 
dominated. Satisfactory reposition was accomplished in more than 50 
pei cent of the cases of slight slipping, and there were no bad results. 
One is led to suspect that these patients would have done as well with 
immobilization in casts. Rest alone in many instances will accomplish 
moic than repeated attempts at correction. In many of the cases of 
bilateral slipping the untreated side healed as well as the treated side, 
particularly when inactivity was accomplished by rest in bed or by a 
plaster cast. Of the cases of marked slipping, realinement in good posi- 
tion occurred in only 5, and it is important to emphasize that all of 
these were cases of acute slipping. In the cases of chronic slipping the 
condition was unaffected except in a few instances in which it was made 
worse. This leads to a consideration of the results of the unsuccessful 
manipulations. The procedure was repeated in many of our cases and 
followed by some radical methods, which also resulted in failure. Opera- 


tion followed manipulation in 6 cases. It therefore seems obvious that 
it is extremely inadvisable to attempt repeated traumatization of the 
hip by manipulative correction. In this respect our experience is in 
conformity with that reported in the literature. In 6 of the 9 cases of 
acute slipping in the series of cases previously reported, the epiphysis 
was well alined, but of the 58 cases of chronic slipping in which manipu- 
lation was employed satisfactory results followed in only 15; in the 
remainder the results were fair, poor or bad. (It is important to 
remember that the chronic cases reported in previous publications are 
not always clearly classified as showing either slight or marked slipping.) 

Of the 3 cases of slight slipping in 'which a cast in gradual traction 
was employed, in only'' 1 was a good result obtained. Whether or not 
these results could have been further improved by Warded s methoc 
of gradual traction is an open question ; this method has not been 
employed at the Hospital for Joint Diseases. It is obvious from our 
experience that gradual traction would be worthless in the cases o 
marked chronic slipping, especially' if one bears in mind the nature 
of the process. In many instances the epiplrysis is rotated downuarc, 
backward and inward. The application of traction to puli c on n 
femoral neck and thus correct the rotary displacement of tie epipiys^ 
is an ameliorative gesture usually' futile except in cases of acute s ipp .-, 
One of the advantages claimed for the drill method is t lat it in- 
union of the epiplrysis to the neck of the femur. It lias there ore 
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recommended in cases in which the period of expected mmm is prcatu 
than six months. That this method is effective was demonst.atcd m 
patients, aged 10 and 11 years, in whom premature ossification thiongh 
the epiphyseal line occurred three months after dnllmg. 1 Ins method 
was employed only in cases of slight slipping. One must remember that 
this is a fairly new procedure and that it entails all the dangers of an 
operation. It is, furthermore, difficult at times to estimate preopcratmdy 
the amount of anterior displacement of the neck of the femur, and the 
drill holes are not always placed in a technically correct position. . 1 he 
danger of perforating the femoral epiphysis and entering the hip joint 
proper is not a remote possibility; fortunately, it did not occur in any of 
our cases. There were no complications in this group. 

Impaction with the Cotton mallet as advocated bv Jahss to hasten 
ossification through the epiphyseal line was successful in 7 of the 9 
patients treated in this manner. This objective was accomplished within 
two months in a child aged 14, and delayed for twelve months in another 
child aged 10 years. These results, however, represent the extremes; 
the average union was achieved in from four to six months. Of the 
2 cases in which fair results were achieved following this treatment, in 
only l was the result directly attributable to the impaction, and in this 
instance the femoral epiphysis was further displaced following treatment. 
In the second case the patient fell on the affected hip and sustained a 
fracture of the neck of the femur after what appeared to be a successful 
result. Union of the capital epiphysis to the femoral neck must have 
occurred, since it is reasonable to believe from our experience that if 
that were not the case the epiphysis would again have been displaced. 
It is also uncommon to see a fracture of the neck of the femur in a 
child. Of the 9 patients treated, 7 obtained excellent functional restora- 
tions of the hip, and when one considers that there were 3 cases of 
marked slipping in the group these results are extremely gratifying. The 
advantage of the method is that it is a nonoperative procedure which 
produces premature ossification quickly and which, as a result, reduces 
substantially the period of disability. The patients were observed until 
fusion occurred at the epiphyseal line, but it remains to be seen whether 
or not unusual arthritic changes develop because of the maneuver 
In the group in which operation was performed and which comprised 
most of the cases of marked slipping correction was attempted by recon- 
struction, realmement of the epiphysis, wedge resection to correct the 
coxa vera deformity or manipulation. 

Reconstruction operations were performed on 11 patients. In 3 
previous manipulations had been unsuccessful, and in 2 previous attempts 
to realms the head had failed. In 1 the deformity had increased deX 
the treatment r,,th traction. In the patients operated on the result was 
poor, and m the s.ngle instance in which operation was performed in an 
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early case the result was bad. One questions the wisdom of employing 
so ladical a procedure for the correction of so simple a deformity 
rrom our study it is apparent that there is no justification for the 
operation in this disease, and our conclusion is borne out by the cases 
previously reported. Of the 3 cases on record, the results were fair in 
1 and bad in 2. In other words, of a total of 14 cases, the results 
were bad in 9 and fair or poor in 5. 

Surgical realinement of the epiphysis was often unsuccessful because 
of the difficulty of freeing it from adhesions or callus. It is obvious 
that if the head is not realined the purpose of the operation is defeated. 
Examination of the roentgenograms in many instances proved that the 
position of the epiphysis was uncorrected by this maneuver. Of the 

Table 4. — Cases in Which Operation Was Performed Compared until Those in 
Which Conservative Methods Were Used 


Type of slipping. 


Slight Marked All Oases 


Treatment '. No Oper- Oper- 

ation tion 

Number of cases 40 S 

Anatomic results 

Good 25 7 

Pair 1 9 0 

Poor G 0 

Bnd 0 1 

Functional results 

Good 25 6 

Pair 5 0 

Poor 4 1 

Bad 0 0 

Reoperation 

Surgical procedures 2 0 

Repeated nonsurgical procedures.. 4 0 

Still under treatment 0 1 


No Oper- Opera- No Oper- Oper- 
ation tion ntion tion 

45 21 83 29 


7 1 32 S 

7 S 16 3 

24 3 30 3 

7 14 7 15 


7 1 

5 1 

12 3 

S 12 


32 

10 

16 

3 


1 

4 

12 


6 2 
12 0 
0 2 


8 

16 

0 


2 

D 

3 


23 cases reported in the literature, there were good results in only 11 
cases and fair, poor or bad results in 12. Of the 5 patients treated, in 
this institution, 4 had bad results and only 1 fair results. The condition 
was usually made worse, and at the best there was obtained only a fair 
anatomic reposition of the head without functional improvement 

Wedge resection was unsuccessful in 2 cases of maiked slipping, anc 
the only good result was in an early case. . Again we question the 
advisability of employing so radical a method in an early lesion. 

Only 5 of our patients were successfully treated by manipulation, 
and, as we have already indicated, in none of the chronic cases vas 

realinement produced (table 4). , ... , 

The solution of the problem obviously must depend on an m c u 

appraisal of the following questions: 

1. What is the degree of slipping of the femoral head, ant w ja 
chances for success do conservative methods offer ( oinc s . • 
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if such methods arc unsuccessful, what would he the hulicalion for >«r- 

gical correction, and what would be the method r _ 

2 It seems axiomatic that the management ot aentt slipping and 
that of chronic slipping imply wholly different principles or concepts 
In the first, there is an intra-articular fracture with displacement ot 
fragments; in the second, associated with the original catastrophe, there 
are secondary atrophy, resorption of localized areas of hone and perhaps 
fibrous or early bony malunion. In what manner do these secondary 
changes in the femoral head and neck militate against manipulative 
correction? Has one neglected the significance or importance of these 
secondary changes in the surgical corrections? 

3. What would be the management of a chronic case in which the 
epiphysis has spontaneously united in fair position hut in which pain 
and moderate disability are the dominant symptoms' 


CONCLUSIONS 

On the basis of the end-results reported here, the following conclu- 
sions appear to be justified : 

1. Very early cases in most instances heal best by immobilization 
or rest without manipulation. Repeated efforts to reduce the deformity, 
as evidenced by a multiplicity of corrective maneuvers, appear to aggra- 
vate the situation. Judging from comparable cases on record, one cannot 
escape the impression that in many instances the end-results would have 
been better had the patients been left entirely alone. 

2. In a few cases of bilateral slipping the untreated side healed as 
well as the treated side, or the side treated conservatively healed as 
well as the side treated radically. 

3. In the cases in which manipulation and operation were employed 
the end-result was only too frequently worse than the original deformity. 

4. In many cases manipulation failed to realine the femoral head 
and aggravated the deformity. Manipulation appears to be unwarranted 
in case of slight slipping, ineffectual in cases of marked, chronic slipping 
and definitely indicated in cases of acute traumatic slipping. It is pos- 
sible to have a stiff joint even in a case in which manipulation has been 
employed. 


5. In the early and moderately advanced cases impaction bv the Cotton 
mallet appears to be a safe nonoperative method to hasten ossification 
through the epiphyseal line and to arrest the deformity. The functional 
results are usually good. This method appears to be contraindicated 
however, in the acute traumatic cases with displacement of the epiphysis’. 

<5. Operation by drilling was employed in cases of slight slionimr 

tl ^ "’ C Pr0d " i0n ° f “*»»» 
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7. In cases of chronic marked slipping the subtrochanteric osteotomy 
represents the totality of effective and permissible procedures to correct 
the deformity. 

8. In cases of so-called realinement of the epiphysis by operation, 
the position of the allegedly realined head often remained exactly as it 
was before operation. 

9. Even if anatomic restitution is satisfactory, complete redislocation 
of the epiphysis may occur if the period of immobilization is short. 

10. Reconstruction operations may f result in infection, necrosis of the 
remaining head and fixation of the joint. These appear to be the least 
desirable of all procedures. We can postulate categorically that the 
more radical the surgical procedure the worse the end-results. 

11. In many of the cases of so-called good end-results, there are 
extensive changes in the contour of the femoral head and joint within 
five years. 

Dr. Herman Frauenthal, Dr. Harr}' Finkelstein, Dr. Samuel Kleinberg and 
Dr. Leo Mayer permitted us to study cases from their services. 



RATE OF ABSORPTION OF ALVEOLAR OASES 
IN RELATION TO HYPERVENTILATION* 

K. E. LEMMER, M-D. 
and 

E. A. ROVENSTINE, M.D. 

MADISON, 'VIS. 


During experimental work in the production and surgical applica- 
tion of closed endobronchial anesthesia the behavior of certain anes- 
thetic gases in the obstructed lung was noted. 1 he ease with \\ hich 
complete bronchial obstruction could be obtained and the speed of 
absorption of gases from the obstructed lung led us to repeat, by this 
technic experimental work reported by Corvllos and Birnbaum. ’ 

The importance of atelectasis in the production of postoperative 
pneumonia, the different opinions expressed as to the etiology of such 
atelectasis and the varied ideas as to the treatment make the subject 
important. It is of special interest to the surgical team charged with 
the responsibility of minimizing any causative factors as well as of insti- 
tuting immediate and efficient therapeutic measures. Our practice had 
been to hyperventilate certain patients during recovery from the effects 
of anesthesia, particularly after anesthetization with ether. Such hyper- 
ventilation was commonly done by giving mixtures of oxygen and 
carbon dioxide. To prove or disprove the error of such a procedure 
or to determine the advisability of using carbon dioxide and air rather 
than oxygen was the immediate purpose of the study. 

The absorption of gases from the lung was observed as early as 
1879 ; 2 however, it was not until the exhaustive experimental studies by 
Coryllos and Birnbaum in 1932 1 that definite and conclusive evidence 
was obtained that the absorption of gas from the obstructed lung is 
dependent on several factors: first, the speed of diffusion of the par- 
ticular gas through space; second, the partial pressure of the gas; third, 
the solubility of the gas; fourth, the integrity of the epithelium and’ 
fifth, the pulmonary circulation. The nature of a gas helps to determine 
its solubility, the more basic or acid gas being more soluble than the 
neutral gases. 
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In these experiments, large full-grown dogs were used in order 
that lie work- might be simplified by having available a large trachea 
and larger upper air passages. Each dog was given morphine and 
atropine before being subjected to anesthesia, which was induced with 
ether by the open drop method. When anesthesia had reached a plane 
sufficiently deep to give complete abduction of the cords and easy intu- 
bation of the trachea, the mask was removed and the glottis was 
exposed by extending the tongue and lifting the epiglottis with a sponge 
f 01 ceps, iwo endobronchial airways of woven silk fabric, each with 
an inflatable cuff, were placed in the trachea. The airways were about 
IS inches (45.7 cm.) in length. The inflatable cuffs were of the Guedel- 
Waters 3 type and were placed within 1 inch (2.5 cm.) of the end of 
the airway. 1 he terminal inch of the catheter was molded in warm 
water so that it curved slightly toward the side of the beveled tip, and 
petrolatum was applied for lubrication. No. 20 F catheters were found 
to be a proper size for the large dogs used. With the catheters in the 
trachea, one and then the other was placed with its terminal end in 
the main bronchus on either side. This was accomplished by pushing 
the airway close to the right side of the glottis with the curved tip point- 
ing to the left and sliding the tip down the left tracheal wall to enter 
the left bronchus, and vice versa. The first feeling of resistance sug- 
gested the entrance into the bronchus, and later resistance to advance 
indicated that the catheter had entered too far. With both endobronchial 


airways in place one was quickly 7 attached to the anesthetic apparatus, 
which consisted of a canister containing soda lime to absorb carbon 
dioxide and a spirometer. The system was immediately 7 filled with an 
anesthetic mixture of ether and oxygen, and a constant flow of oxygen 
was maintained to supply 7 the metabolic requirments of the dog. The 
cuff on each catheter was inflated. There was then produced a respira- 
tory 7 system of one lung and the anesthetic apparatus. Tire other lung 
was dosed except for the endobronchial airway. 

Artificial respiration, using a spirometer for inflation and deflation, 
was instituted in one lung, and the other was permitted to collapse, A 
water manometer was incorporated with the closed system to assure 
uniform intrapulmonic pressure. The wall of the chest was then care 
fully removed so that circulation to the lung was unimpaired and hot > 
lungs were brought into direct view. The figure diagrammatica ) 
represents the experiment 

Control was complete in the one lung when the inflatab c cn , 
was distended. Measured amounts of the experimental gases utrt 
introduced through the endobronchial catheter into the expenmen a t 


3. Guedel, A. E„ and Waters, R. M.: Ann. Oto!„ Rh.n. & Uryvg. 40:1339 
(Dec.) 1931. 
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A diagrammatic sketch of the experimental apparatus, showing: 1, the endo- 
tracheal catheter; 2, inflating catheter to the inflatable cuff; 3, inflatable cuff; 4, 
syringe ; 5, gas inlet ; 6, flow meter ; 7, catheter to the deflated lung ; S, catheter to 
the respiring lung ; 9, source of the supply of anesthetic ; 10, water manometer ; 11, 
carbon dioxide absorber ; 12, spirometer ; 13, respiring lung, and 14, experimental 
lung. 


tion was not determined. When the lung was about one-eighth its 
normal size there appeared dark red or black patches over the entire 
sui face, and it was to this point that the absorption rates of the different 
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gases were compared. In each case the lung gradually decreased in 
size without any obvious alteration of shape, appearance or color until 
it was about one-sixth its normal size. It was found that the first rate 
of absorption of gas introduced into a lung was less than the rate after 
succeeding inflations. Alveolar epithelial damage from the gases prob- 
ably alters the rate of absorption. Results comparable with those 
atteady reported were obtained. Oxygen and carbon dioxide were 
absorbed rapidly as compared with the more inert gases, nitrogen, hydro- 
gen, argon and helium. The anesthetic gases, nitrous oxide and 
ethylene, were absorbed rapidly. The table summarizes the experi- 
mental work and the average results. 


Rates of Absorption of Various Gases in the Lungs of Dogs 




Average Time 


Number of 

of Absorption 

Gas Used 

Experiments 

to Given Point 

Carbon dioxide 


imin. Gsec. 

Oxygen 

12 

l min. 20 sec. 

Nitrous oxide 

6 

1 min, 42 sec. 

Ethylene 

S 

2 min. 2 sec. 

Hydrogen 

n 

C 

16 min. 22 sec. 

Argon 

o 

..... o 

lGmin. 4 sec. 

Helium 

1 

18 min. 16 sec. 


12 

9 min. 21 sec. 

Nitrogen 

6 

12 min. 6 sec. 


SUMMARY 

The results of experiments are presented to show the comparative 
rates of absorption of different gases from the completely obstructed 

lung. , . . 

The normal physiologic processes were disturbed by opening ie 
chest; however, carefully controlled artificial respiration in the contra- 
lateral lung maintained a good circulatory condition. 

Owing to the demonstrated rapidity of absorption of carbon dioxirc 
and of oxygen as compared with that of nitrogen and of air, it is deemec 
advisable to use air as a vehicle for carbon dioxide when hyperven 1 a - 
ing patients who are recovering from surgical anesthesia. 


POSTOPERATIVE PROGNOSIS IN CANCER 
THE BREAST 


OF 


results after from seven to twenty years IN a SKKI1* 

CASES STUDIED WITH REFERENCE TO THE RAPIDITY OF 
PREOPERATIVE GROWTH 

E. MacD. STANTON. M.D. 

SCHENECTADV, NY V. 

Iii the April 1928 issue of the Archives of Surgery 1 1 reported 
the end-results recorded up to July 1927 in the cases of fifty-four 
patients with cancer of the breast on whom I operated at some time 
between July 1907 and January 1926. In this paper 1 wish to summarize 
the results obtained in this same group of patients over an additional 
period of six and one-half years, namely, until death or until January 
1934. Although the number of patients in this series is not large. 1 
know of no other series of equal size in which all of the patients have 
been traced over as long a period. For the thirteen survivors in this 
group, the period since operation ranges from seven years and ten 
months to twenty years and six months, the average postoperative 
period being twelve years and nine months. 

Except in case 40, all of the operations were typical radical excisions. 
No patient in this series received preoperative roentgen ray or radium 
treatment. Only one patient received any considerable amount of post- 
operative irradiation, and no influence on the growth was apparent. 

All attempts to evaluate the results of treatment of cancer of the 
breast must be made with a full realization of the extreme variability 
of the course of this disease when no treatment is received. Manv 
years ago Gross and others clearly demonstrated that when no treatment 
is given the extremes of survival after the first appearance of the tumor 
range from eight or ten weeks in cases of fulminating, so-called inflam- 
matory, tumors to twenty-five or more years in cases of chronic, slow- 
growing tumors. This variability is found in all series of cases of 
cancer of the breast and is .well illustrated in the present series. For 
instance, m case 53 an operation was performed only four weeks after 
the tumor was first discovered, but even then extensive axillary 
metastases were already present. The patient died of multiple recur- 
rences six months after operation. In case 31 an operation was per- 
ormed one hundred and fifty-six months after the discovery of the 
tumor and t he patient lived for thirty-six months thereafter. 

1. Stanton, E. MacD.: The Postoperative Pro^nn.k r „ f „ 

Arch. Surg. 16:879 (April) 192S. f Cancer of the Breast, 
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In all but four of the more advanced cases, sections of the primarv 
tumor and of the lymph nodes were cut. In 1927, when these cases 
were first reported, the original slides were studied in an attempt to 
correlate the assumed histologic malignancy, as suggested by Broders, 
Gieenough and others, with the actually determined results. In this 
small series, however, no correlation was found. 

The data concerning the cases herein reported have been assembled 
in three tables corresponding to the classification adopted by the Depart- 
mental Committee on Cancer of the British Ministry of Health. 

Table 1 contains cases in class 1 of the British classification, in 
which, so far as could be ascertained, the growth was confined to the 
breast, the axillary glands not being invaded. 


Table 1. — Postoperative Results in Cases in Class 1 


Postoperative Results, 

Preoperative Time Time in Months 

after Discovery of , * — 


Case Tumor, Months Dead Livlnp; 

52 2 .. 01 

46 Yi ■■ m 

48 1 SO 

39 12 00 

30 % .. 150* 

26 lii .. l sc 

40 0 72 

24 1 84 

19. .. 392 

18 ... n® 

13 % ••• 240 

7 .. ISO 

10":::.::::. ... 2jc 

5 4 19 

11 3 ISO 


* Died of pneumonia at 81. 


Table 2 contains cases in class 2, in which the axillary glands v ere 
already invaded but no evidence of involvement of any other con- 
tiguous or distant organ or tissue was found. 

Table 3 contains cases in class 3, in which either adjacent or distant 
organs or tissues were involved, e. g., the pectoral muscles, the s ‘in 
when ulcerated, the cervical glands, the other breast, etc. 

My records show that fifteen cases belonged in class 1, cancer o t ic 
breast being present without demonstrable involvement of the aM an 


glands. 

In general from SO to 90 per cent of the patients m class 1 rcm. 
veil for five years. In this series only two of the fifteen pa ■ «cn s ^ 
within five years after operation, and at the end of the fnc j ■ • 

inly one of the survivors had a demonstrable recurrence. T n . . ^ 
'80 per cent) of the fifteen patients were alive and apparent > 

'ecurrence at the end of the five year period. 
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In niv first report of these cases 1 summarized the results in the 
cases belonging in class 1 by saying: “If all cancers until' Incas, '""I" 
be operated on before glandular involvement, this disease would be 
largely conquered.” That subsequent results have not altogether con- 
firmed this prophecy is shown by the fact that while only two ot the 

Table 2.— Postoperative Results in Cases in ( lass - 


Proopcrntlve Time 
nfter Discovery ot 

C ase Tumor, Month* 

Group A 

50 4 

51 1 

1 

45 I 

42 Mi 

31 1 

Mi 

32 " 

35 Mi 

29 4 

22 3 

23 2 

14 4 

12 2 

S 2 

2 4 

Group B 

20 0 

41 fi 

44 C 

47 12 

49 S 

43 12 

27 10 

16 24 

21 24 

15 p> 

U 15 

Group C 

33 20 

28 30 

4 GO 

3 45 

* Died ot cancer of stomach. 
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Table 3.— Postoperative Results in Cases 

in Class 3 


Preoperative 

Time* 

Postoperative Results, 

Time In Months 

3S.... 

Months 

Dead Living 

36 


30 

31.... 


0 

25.... 


30 

17.... 


20 

9.... 


0 

6 .... 


00 

1.... 


22 
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S follow^, ye T r 0peration - Six addkim ' al patients 

died Mowing a recurrence from six to sixteen years after operation 

Of the reman,, ng seven patients, six are alive and apparently free 
i om 1 ecui rence seven years and ten months, eight years and ten months, . 
nf teen years and six months, seventeen years and six months, twenty 
years and twenty years and six months, respectively, after operation, 
ihe seventh patient died of pneumonia at the age of 81, twelve years 
and six months after operation. 


Although class 1 is composed of only fifteen cases, it offers suffi- 
cient data to demonstrate at least two points: (1) So-called five year 
cures i epresent a purely'' arbitrary' standard which bears little relation to 
the ultimate results ; (2) the postoperative prognosis of cancer of the 
breast is by no means as hopeless as has been suggested in some of the 
conclusions based on the analyses of known deaths following operations 
for cancer of the breast. 


My records show that thirty-one cases belonged in class 2; i. e., the 
axillary' glands were invaded at the time of operation, but there was no 
evidence of the involvement of any' contiguous or distant organ or tissue. 
The results in this class present a sharp contrast to the results shown 
in class 1. Only' ten (32 per cent) of the thirty-one patients survived 
the five y'ear period. Three of the ten subsequently' died of recurrent 
cancer. One patient died of cancer of the stomach seventeen y'ears and 
eleven months after operation. Six patients (18 per cent) were still 
alive and apparently' free from recurrences seven years and eleven 
months, nine years and seven months, twelve years and six months, 
eight years and six months, nine y'ears and six months and fifteen y'ears 
and four months, respectively', following operation. 

When this series of cases was first reported, those in class 2 were 
subdivided into three groups : Group A was composed of cases clinically 
considered highly' malignant, because within four months or less aftci 
discovery of the tumor more or less extensive axillary' involvement was 
found at operation. The cases in group B were arbitrarily suspected o 
being less malignant than those in group A, because, although glandular 
metastases may actually have been present as early as four months after 
the discovery of the tumors, there was on the whole such an element o 
insidiousness about them that medical advice was not sought, and w ten 
the patients were seen from six months to two years aftei the tumois 
had been noted, the cases still definitely belonged in class 2. ^ r011 P 

was made up of cases that showed evidences of a low grade o ma ■ '* 
nancy. This classification was justified by the fact that from tuo <m 
one-half to five years after the discovery of the tumors, they s 


belonged in class 2. . t0 

While the number of cases in these groups is not large cno g 
make the results more than suggestive, it is. nevertheless, in ercs , 
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note that the average period from the time of the discovery of the tumor 
until death in group A. cases in which the patients died nU«. 
of the breast, was only twenty-eight months. In group K ' 
clinically conceived to he of medium grade malignancy, the 
duration of life from the time of the discovery of the tumor until death 
was sixty-one months. In group C. cases clinically conceived to be «i 
low grade malignancy, the average duration of life from the tune of tin- 
discovery of the tumor until death was seventy-nine months. 

Case 14 deserves special mention because, although the patient died 
of cancer of the stomach seventeen years and eleven months after 
operation for cancer of the breast, the tumor of the stomach was appar- 
ently a typical primary cancer of the pylorus for which a palliative 
gastro-enterostomv was performed two years before death. At the time 
of the operation on the breast, this woman, aged *13. had an apparently 
rapidly growing, rapidly metastasizing tumor with extensive axillary 
involvement. I thought that the prognosis was especially had. Thirteen 
months after operation, she gave birth to a child, which she nursed on 
the remaining breast. Eight and one-half years after operation an 
enormous swelling of the right -arm developed ; this persisted in spite 
of all attempts at treatment for about five years and then gradually 
subsided. When I next saw her, she was extremely emaciated as a 
result of a practically complete pyloric obstruction. Nevertheless, 
following a gastro-enterostomv, she improved and remained in fair 
health until shortly before her death. 

One patient (case 28), the oldest survivor of the patients in the 
class 2 cases, in January 1934 was hale and hearty fifteen years and 
six months after operation. Her case was originally placed in group C. 
with a clinical estimate of low malignancy, because at the time of opera- 
tion, two and one-half years after discovery of the tumor, it was found 
that the growth was still operable and that only a moderate axillary 
involvement was present. 

In this series there were eight cases in class 3. namely, those with 
demonstrable involvement of organs other than the breast and the axil- 
lary glands. None of the patients survived the five year postoperative 
period, and all of them died of cancer. Although there are onlv eight 
cases m this group they indicate the extreme variability in the span of 

life of patients with this type of cancer. 

In case 1 the patient died one year and two months following the 
discovery of the tumor. In case 31 the patient knew that she had cancer 
of the breast for thirteen years before she finally agreed to have an 
operation, and she lived for three years after operation. In case 9 the 
patient lived for eight years and six months; in case 38 the patient 
lived for eight years. In this class the average length of life -ift 
discovery of the tumor was sixty-eight mouths, which closely approl" 
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S1 r'", 0nife " K CaSCS in classcs 1 and 2 ’ "hrch the patient 
ult111l.1K.l3 ol cancer (an average of sixty-two months). 

CONCLUSIONS 

J lie prognosis in cancer of the breast is by no means hopeless. In 
favorable cases postoperative survival without demonstrable recurrence 
101 over twenty years is by no means uncommon. While an arbitrary 
pciiod, such as five years, may be useful for certain statistical purposes, 
nevertheless, in the cases of classes 1 and 2 in this series, among the 
patients who ultimately died of recurrence, twenty died within five years 
of operation and ten died five or more years after operation, the post- 
operative periods extending up to fifteen or sixteen years. 

Notwithstanding the apparent cures in some cases, I have been 
forced to the conclusion that the ultimate prognosis in each case is, 
for the most part, determined by factors which in the present state of 
knowledge may be conceived of as the product of the degree of malig- 
nancy of the tumor and the resistance inherent in the patient. The 
woman who is fortunate enough to have a thorough operation per- 
formed for a slowly metastasizing tumor before glandular involvement 
has taken place stands an excellent chance of never having a recurrence 
or of living for many years without a demonstrable recurrence. 

Surgery has little to offer the woman with a rapidly metastasizing 
tumor, because, even though she is operated on almost immediately after 
the tumor is discovered, she will probably die in a relatively short time. 
In the case of the slow-growing, less malignant tumor, even though 
operation is performed relatively late, the postoperative survival is liable 
to be prolonged in keeping with the course of the progress indicated 
previous to the operation. 

Recognizing fully the desirability’’ of developing laboratory methods 
for estimating the prognosis in cancer of the breast, I nevertheless wish 
to call attention again to the fact that in almost every 7 case of cancei ' 
of the breast the surgeon has at his command readily available clinica 
methods by which he can estimate at least some of the factors regarding 
malignancy as shown by the behavior of the growth up to the time 0 
operation. A study of the histories of the cases herein summarized anc 
of other cases reported in the literature indicates that in the P rese 
state of knowledge the actual malignancy of a case can probab y e 
most accurately judged by the careful observation of the extent 0 1 

growth and of the metastases at the time of operation and y 
estimation of the rapidity of growth and the rate of the °P" 
of metastases in terms of the time which elapses between the c 1 
of the tumor and the operation. 



A BRONCHOBILIARV FISTULA 

r. w. FRENCH, M.D. 

FALL RIVER | MAPS. 


Accurate systems for recording data and follow-up clinics in many 
hospitals verify the excellent results of surgical nUervciUmn on the 
biliary tract. 1 A surgical accident with the results described here ’*■ 
rarely seen. The accompanying illustration indicates the injury winch 
occurred to the common duct when the gallbladder was removed, I he 
dotted lines show the gap between the stump of the common duct and 
the duodenum. The disturbance in the flow of bile resulted in cholan- 
geitis, a suppurating process in the subphrcnic space and finally the 
formation of a fistulous tract between the bile ducts and the bronchial 


tree. 


REPORT OE A CASE 


N. H., an English housewife, aged 31, thin and poorly notiridud. wav ftru 
admitted to the Truesdalc Hospital on April 11, 1928. A year previously chole- 
cystectomy was done at another hospital, and since that time the patient had suf- 
fered from general weakness and malaise and a biliary fistula. Three months 
prior to admission the fistula closed; the patient became jaundiced and suffered 
from intense itching. She began to lose weight. 

Physical examination revealed a mass the size of a tennis hall in the right 
upper quadrant of the abdomen at the site of the previous operative scar. 

Examination of the blood showed the hemoglobin content to he 75 per cent, the 
erythrocyte count 3,980 and the leukocyte count 10,600. The icterus index was 100. 

Exploratory laparotomy disclosed extensive adhesions in the region of the gall- 
bladder. A long search for the common duct proved fruitless, since through a 
surgical accident at the time of the cholecystectomy much of the common duct had 
been removed with the gallbladder. An unsuccessful attempt to reconstruct the 
common duct failed because only the distal part was found. 

There was marked improvement in the patient’s condition as bile drained frcelv 
through the sinus for several months. Four months later, however, with the cessa- 
tion of drainage of the bile through the sinus, symptoms of itching and jaundice 
recurred. The patient was readmitted to the hospital. The sinus in the abdomen 
had closed. The icterus index was 50. 


The patient was given calcium lactate and bile from pigs. The svmptoms dis- 

appeared. The patient remained clinically well for eight months, with clear urine 
and bile in the stools. 

A year later, in April 1929, she returned to the hospital. She had had three 
more attacks ot jaundice accompanied by pain in the upper right quadrant of the 
abdomen fever and chills. The icterus index was 60. A week later h 1c patient 

nas discharged improved. At this time her digestion and appetite were excellent 
and bde had reappeared in the stools. excellent, 


1. Whipple, A. O., in Nelson Loose-Leaf 
Nelson & Sons, 1928, vol. 5, p. 523. 


Living Surgery, New York, 


Thomas 
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In December 1929, eight months later, the patient was admitted for treatment 
of a severe dermatitis as a result of bile pigment. The hemoglobin content was 
/0 per cent, and the icterus index was 60, but the patient did not have any other 
symptoms of biliary obstruction. 

Tucntj months later, in September 1931, she returned complaining of a severe 
cough with copious expectoration of bile and excessive pain in the right costo- 
vertebral angle which radiated to the shoulder. 

Roentgen examination at this time demonstrated a pleural effusion at the base 
of the right lung. Bile had entered the thorax as a result of a bronchobiliary 
fistula. 



Drawing illustrating injury to the common duct when the Sa^dder was 
removed. The dotted lines indicate the part of the b,le tract removed three years 
previously when a cholecystectomy was performed. 


It was decided to attempt to drain the bronchobiliary fis ; > )ws 

route, as drainage of the liver below the diaphragm was congested and 

risk of other complications. At operation the 1,ver w ^ S diaphnl gm was 

purplish brown. No walled-off accumulation of bile belon t ‘P 

The patient’s condition grew steadily worse, and she died on the third po 

°%1ZorL examination revealed .ha, the lever lob. rf the 
edematous and bile-stained. At the dome of the diaphragm on the right 
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fetulous tract through which a probe was passed to the lung and 1tron<1in«. At 
the dome of the right lobe of the liver was a degenerated area 1 cm. m dunate. 
lying 6 cm. below the surface. This small space connected with a fisUib-m canal 
passing through the liver into the lung and communicating with the br-ncbm 1 h r 
superior surface of the liver was irregular and adherent to the diaphragm. In tb r 
same region as the fistula but deeper within the liver substance were several areas 
of degeneration with soft centers and outside limits deeply yellow. 


The gallbladder was absent. The duodenum was opened and tip- 
common duct traced upward. The duct was approximately <> cm. in 
length and ended in a blind pocket. The hepatic duct was not found 
when the liver was sectioned, and the bile ducts were dissected down- 
ward to the hepatic duct. It was discovered that only 1 cm. of hepatic 
duct remained. 

The pathologist's diagnosis was: absence of the hepnlic duct and 
a portion of the common bile duct with right hronchohiliary fistula. 

In March 1928, Morton and Phillips 2 published an exhaustive list 
of forty-nine cases of true hronchohiliary fistula in which Idle duels 
were prevented from emptying in their normal manner by an obstruc- 
tion. To this series they added one case. In these fifty cases interference 
with the normal flow of bile was caused by obstructions such as gumma, 
cancer at the head of the pancreas, Ascaris worms or tuberculous 
processes in the lung and the liver. Three cases were the result of 
trauma. Stumpff 's 3 patient was knocked down by a bicycle ; in Graham's ' 
case symptoms began after the patient had been picked by a horse, and 
in Tyramen’s 5 patient the fistula developed after shrapnel wounds and 
communicated with a ruptured bronchus through the torn edge of the 
diaphragm. 

Since 1928, Seelig and Singer,® Meredith, 7 Loc, f Laird and Wiikcr* 
son, 0 Razemon 10 and Racz 11 have each reported a case of broncho- 
biliary fistula. Loe’s case was the result of trauma, the fistulous tract 


2. Morton, J. J„ and Phillips, E. W.: Bronchobiliary Fistula: Review of 
Recorded Cases Other Than Those Due to Echinococcus and Amebic Ulcers Arrli 
Surg. 16:697 (March) 1928. 

3 - Stumpff, quoted by Elliot, T. R., and Henry, H. G. M.: Brit M 11-0 
19lo. * A A 


4. Graham, J. E.: Brit. M. J. 1:1397, 1897. 

5. Tyramen, A.: Arch. f. klin. Chir. 89:434, 1909. 

149 o"';,a G " " d S " g ' r ' J - B 'o”Aobiliary FiMols, Arch. S„ 8 . 19, 
/. Meredith, E. W.: Pennsylvania M. J. 33:389 (March) 1930 

" rr r ” <°*> 

o£J5T& P - i *-*> G - - . », 1 “Uh, 

11. Racz, B.: Gyogyaszat 72:621 (Oct. 8) 1932, 




p ? SS,ng from the ™Ptttral liver through the torn fibers of the dia- 
phragm to the collapsed lung. Laird and Wilkerson and Razemon 
succeeded m outlining (lie fistulous tract by injecting iodized poppy- 
seed oil 40 per cent through the bronchoscope. In Razemon’s case the 
diagnosis was arrived at solely through this means, since the patient 
presented few of the symptoms usually associated with bronchobiliary 
fistula. In Laird’s case the oil demonstrated a hazy, irregular right 
diaphragm and a narrow shadow extending from the hilus into the 
obliterated right costophrenic angle. It was impossible to drain the 
common duct via the cystic duct because the latter had been completely 
obliterated through the formation of a subphrenic abscess. 

A case which resembles the one reported here is that of Seelig and 
Singer, i heir patient returned six months after a cholecystectomy with 
symptoms of general pruritus, diarrhea, nausea, prostration, jaundice 
and clay-colored stools. During the exploratory laparotomy the surgeon 
was unable to locate the common duct, and all of the landmarks were 
blotted out by dense adhesions. Between the stump of the common 
duct and the duodenum was a gap of 3.6 cm. A small catheter was 
fi!xed in the end of the common duct -which led to the lumen of the 
duodenum. The patient was discharged three weeks after operation. 
She returned ten months later with a bronchobiliary fistula. A sub- 
phrenic abscess had perforated the diaphragm and established a fistula 
between the bronchus and the intrahepatic biliary capillaries. After 
spontaneous expulsion of bile and pus from the bronchi, the symptoms 
abated. 

SUMMARY 


Fifty-six cases of bronchobiliary fistula have been reviewed, in 
four of which the fistula was the result of trauma and in two, the sequel 
of a surgical accident. In the remainder of the cases the fistula occurred 
after obstruction of the biliary passages due to other causes. 

The most common location of the fistula was through the dome 
of the diaphragm over the apex of the right lobe of the liver. Some 
times, however, collections of pus followed a more circuitous course 

in seeking an outlet. _ 

Operative treatment afforded relief in the majority of cases i tie 
operation was carried out in carefully planned stages. In a few cases 
the fistula healed spontaneously after the pus was evacuated rom 1 

bronchus and surrounding tissue. • . 

Drainage of the fistula by the abdominal route involved less r 


of further complications. , 

In two instances the injection of iodized poppy-see the 

fistulous tract was of valuable aid in diagnosis and m facil.tat g 


problem of drainage. 
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BONES IN 


THE LEUKEMIAS 
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SEW YORK 


The literature is replete with instances of gross lesions <»f tin- 1,om ' s 
associated with lvmphoid and myeloid leukemia. 5 Many of tin* \m\> 
had unusual findings in the blood and an atypical histopntlmhnpc 

picture. 

The following study presents the rocntgenographic features of tin- 
changes of the bone which are associated with lymphoid and myeloid 
leukemia. 

LYMPHOID LFXKKMIA 

Since 1917. eightv-six patients with lymphoid leukemia have been 
treated at the Memorial Hospital. Of this group, six patients (7 per 
cent) ultimately showed changes of the hones roc-ntgenographicnlly 
(table). 


From the Memorial Hospital. 

1. Craver, L. F., and Copeland, M. M.: Arch. Surg. 28:809 (May) 19.14. 
Eisenlohr, C. : Virchows Arch. f. path. Anat. 73:56, 1878. Ellerniaiiii, 1’. : 
Centralbl. f. altg. Path. u. path. Anat. 34:33, 1923. Emerson, C. P. : Bull. Johns 
Hopkins Hosp. 18:71, 1907. Ewing, J.: Neoplastic Diseases, ed, 3, Philadelphia, 
W. B. Saunders Company, 1928, p. 394. Fcer, E. : Jahrb. f. Kintlcrli. 116:155, 
1927. Glinski, L. K.: Virchows Arch. f. path. Anat. 171:101, 1903. Gluzinskv, 
A., and Reichenstein, M. : Wien. klin. Wchnschr. 19:336, 1906. Hauck, G. : 
Virchows Arch. {. path. Anat. 78:475, 1879. Herbst, O. : Monatschr. f. Kinder!). 
9:447, 1910-1911. Hoffman, W. J„ and Craver, L. F.: J. A. M. A. 97:836 
(Sept. 19) 1931. von Jakscb, R, : Ztsclir. f. Heilk. 22:259. 1901. Karshner, 
R. G. : Am. J. Roentgenol. 16:405, 1926. Lehndorfif, H., and Zak, E.: Folia 
haemat. 4:636, 1907. Lundholm, L,: Acta ptediat. 9:137, 1929. Melchior, E.t 
Zentralbl. f. Cbir. 49:1737, 1922. von Mullern, K., and Grossman, B.i Beitr z 
path. Anat. vs. z. allg. Path. 52:276, 1912. Nauwerck, C., and Moritz P • 
Deutsches Arch. f. klin. Med. 48:558, 1905. Oesterlin, E.; Virchows Arch. (. 
path. Anat. 247:589, 1923-1924. Paltauf, R. : Wien. klin. Wchnschr. 25:46, 1912. 
Pforringer : Fortschr. a. d. Geb. d. Rontgenstrahlen 20:405, 1913 Rollcston 
H. D. and Frankau C. H. S.: Lancet 1:173, 1914. Rnneherg, j. W.: Deutsches 
Arch. f. khn. Med. 33:629, 1883. Schwarz, E. : Ztschr. {. Heilk. 22-294 1901 
Sternberg, C.: Myeloses, in Henke, F„ and Lubarsch, O.: Handbuch dcr spcziellcn 
pathologischen Anatomy und Histologie, Berlin, Julius Springer, 1926 vol 1 
E- , T ^°, r ; Radiology 6:523, 1926. Trusen, M : Monatschr f 

w”fa I f 1 ' 5 ° : v’ ' X ers ® : Verhandl - d. deutsch. path. Geselisch. 14:62 \9V 

Waldstem; Virchows Arch. f. path. Anat. 91:12 1883 Wolf r- p ~ 

path. Anat. u. z. allg. Path. 89:151, 1932. C " Bcltr - z 
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Fom- of the patients tvcrc over 40 years of a K e. 

There were four female anti two male palwms. 

, . f fiicp-rsc nrior to demonstrable changes <»t tin. 

Thp duration of Inc disease imui 

hones varied from two months tothree years a, 

ing osseous involvement, one patient case i. , 

and three died within one yeai. Apparcnih 



The black areas represent the most frequent sites of changes in the bones ; the 
checkered areas, the next most common sites; the diagonal lines, the sites 
occasionally involved, and the white areas, the sites rarely affected. 


between the early development of changes of the bones and the duration 
of life following them. 

The symptoms were pain and, not infrequently, swelling over the 
affected bones, associated with other features of the disease. In some 
instances, no symptoms were noted in the affected bones. The pain 
was usually localized and was either severe or dull. Tenderness on 
pressure over the diseased bones was also a feature. 
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lie clinical course, except as noted later, was generally characteristic 
o the disease and showed moderate enlargement of the spleen, involve- 
ment of the lymph nodes, fatigue, cachexia, anemia and increase in the 
lymphocytes of the blood, with early cell forms. 

In a previous communication on changes of the bones seen in 
lymphosarcoma, it was pointed out that definite lymphoid leukemic 
changes in the blood occasionally supervene as a terminal phase of the 
disease. 7 his wight be termed leukosarcomatosis. 2 

In a number of cases observed at the Memorial Hospital in which 
the blood showed a relative increase in lymphocytes without early forms 
there was a clinical picture of lymphosarcoma. Only as a terminal 
feature of the disease were definite leukemic changes in the blood noted 
in some of the cases. The lymph nodes frequently showed a micro- 
scopic picture typical of lymphosarcoma. 

All of the patients with changes of the bones showed a variation in 
the blood picture from that seen in typical lymphatic leukemia. The 
hemoglobin varied from 20 to 90 per cent. It usually improved with the 
proper control of the disease by irradiation. The red cell count varied 
between 1,000,000 and 4,500,000. The white cell count ranged from 
leukopenia to marked leukocytosis (table). Depending largely on the 
time of roentgen therapy, the differential count showed a return to a 
normal ratio or a continued increase in lymphocytic forms. 

In case 5, in which autopsy revealed pseudoleukemia, repeated tests 
of the urine for Bence-Jones bodies gave negative results. 

Rocntgenographic Study . — A review of the literature showed that 
the incidence of involvement was greater in the bones normally contain- 
ing red marrow, such as the ribs, spine and skull. 

In this group of cases, the principal bones involved, in the ordei 
of frequency, were the femur, the humerus, pelvis, skull, metacarpals, 
ulna and vertebrae (illustration and table). 

The roentgenograms showed both osteoclastic and osteosclerotic 
changes. A periosteal reaction was present in two cases. 

The skull in case 2 showed a periosteal elevation, which could be 
felt on palpation in the frontal and parietal regions. Possible slight 
osteoporotic changes were also noted in the skull, iko instance 
involvement of the ribs was present in this group of cases. 

The left ulna in case 1 presented definite periosteal lifting. T ic 
metacarpal of the left hand showed expansion with marked osteoporosis. 

2~Craver, L. F.. and Copeland, M. M.: Lymphosarcoma in Bone, Arch. 
Surg. 2 8:809 (May) 1934 . 
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The pelvis in case 3 was mottled with areas of decreased density. 

The left femur in case 3 showed localized rarefaction in the lower 
diaphyseal region. 

In general, osteoporosis predominated in all of the hones showing 
changes roentgenogr aphical ly . 

In reviewing this group of cases of lymphatic leukemia with gross 
changes of the bones it seems worthy of note that all were somewhat 
atypical in respect to the blood count. 1 he patient in case .** never 
showed a leukemic blood count, although the clinical picture otherwise 
was that of chronic lymphatic leukemia. Two lymph nodes from this 
patient showed a structure indistinguishable from that of a leukemic 
node, and at autopsy the observations, in view of the clinical course, 
were considered indicative of lymphatic psendolenkemia. The condition 
in cases 2 and 4 may be termed low grade lymphatic leukemia. Case 1 
was that of a child, aged 3 years, whose white cell counts were only 8,000 
and 12,000. Cases 3 and 6 were the only ones in which there was 
marked leukocytosis, and in these cases the highest white cell count was 
only 38,600 and 43.200, respectively. 

It may be, therefore, that gross involvement of the hones is of more 
frequent occurrence in low grade lymphatic leukemia than in cases with 
high white cell counts. 


MYELOID LEUKEMIA 


Of eighty -two patients with the myeloid type of leukemia, only one 
had associated changes of the bones. 3 The age of this patient, a woman, 
was 59 years (table). 

The duration of the disease prior to the appearance of the changes 
of the bones was eight months. This patient is living nine months after 
the development of definite skeletal changes. 

The symptoms associated with the changes of the bones in the cases 

of myeloid leukemia were similar to those recorded for lymphatic 
leukemia. 


The clinical course was similar to that seen in the general group of 
cases of myeloid leukemia. The blood picture (table) showed a hemo 
globm content of from 75 to 109 per cent. The white cell count varied 
from 5,000 to 34,000. Myelocytes were a constant feature. 

RoM mn pMc SMy -The cha„g« of the bones in myc | oid 
fatenm or e nsoally those of osteoporosis or osteosclerosis with diffuse 

W. !)e0P '“‘ k Di, “ S ' S ' 3 ' W. B. Saunders Com- 
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or localized areas of rarefaction, 
reported/ 


Cases with periostitis have been 


1 he femurs in case 7 showed mottling in the upper thirds Central 
pvmched-out lesions were observed in the femurs. 

• ) . Early leSIOn V, ire difficu,t t0 evaIua te, and many are not demonstrable 
1 ° "’ey* flInis -. Variations in roentgenographic technic should be 
care full)’ discounted in giving an opinion. 


PATHOLOGY 

In studies of the bones of the patients with lymphoid and myeloid 
leukemia, the bone marrow usually showed the process beginning as 
hyperplastic foci which enlarged and coalesced, eventually extending 
throughout the marrow-containing portion of the bone. The spongy 
trabeculae were then attacked and found to be in various stages of 
absorption. 1 he shafts seemed to be thinned, and in places a distinctly 
aggressive destruction of the bone was seen. 

Microscopic studies of the osseous erosions showed resorption of 
bone with plugging of the haversian canals by the leukemic process. The 
erosion seemed to be due to the leukemic process per se rather than to 
the loss of blood supply caused by the occlusion of the haversian canals. 

It is important to emphasize the large numbers of erosions of the 
medullary bone which were found at autopsy but which could not be 
demonstrated in roentgen films. This compels one to conclude that 
changes seen roentgenographically represent relatively late changes in 
the bony, structure. On the other hand, it is our opinion that changes 
might be demonstrated roentgenographically in a higher percentage of 
cases of leukemia than our figures indicate. Roentgen studies of the 
skeleton have not hitherto been made as a routine in cases of leukemia. 


Differential Diagnosis. — The changes of the bones in the leukemias 
are to be differentiated from carcinoma, multiple myeloma, Hodgkins 
granuloma, lymphosarcoma and osteomyelitis. 

Metastatic lesions of the bone are usually medullary and most fre- 
quently appear at the sites where the vessels enter or emerge from the 
bone. Carcinoma of the prostate and of the breast may give rise to 
metastases which stimulate an osteoplastic reaction. Rarely does one 
see the diffuse osteoporosis found in leukemia associated wit i metas a ic 

lesions. , 

Multiple myeloma may readily be confused with the osseous c ian 0 

in leukemia. The blood count and the involvement o the spl e„ 

are valuable findings in differentiating the .« « senses. 

-T^Tjaksch, R.: Multiple ****«• *** *•*’*" 

Myeloid Leukemia, Ztschr. f. He, lk. 22:^9, 1901. 
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Bence-Jones bodies are found in 65 per cent of cases of multiple mye- 
loma although they arc rare in cases of leukemia. 

In Hodgkin’s granuloma and lymphosarcoma involving bone, a blood 
count and biopsy of a lymph node are important in making the diagnosis. 
In certain cases of lymphosarcoma, a terminal leukemic blood picture 
may supervene. 2 

In osteomyelitis, periostitis is a common finding, but the reaction i- 
much more extensive, and the periosteal changes give a shaggy appear- 
ance to the lesion. Leukocytosis is usually found in osteomyelitis, hut 
atvpical blood forms are rare. 1 he involvement of the spleen and lymph 
nodes found in the leukemias is important in differentiating the two 
diseases. 

TREATMENT 

High voltage roentgen therapy in suberythema doses applied to the 
diseased bone is efficacious in relieving pain and often permits complete 
Tepair of the hone. External radium therapy has also been used with 
good results. 

In treating large numbers of patients in clinics such as that of the 
Memorial Hospital, it has been found economically desirable to treat 
the majority of patients with leukemia by roentgen therapy, and in so 
doing it has been shown that roentgen therapy offers as much in the 
way of palliation as does radium therapy. 

More recently, irradiation by high voltage roentgen rays at longer 
distances has proved beneficial in the treatment of the leukemias, espe- 
cially lymphoid leukemia. This therapy is administered to the entire 
body or to certain portions of the body selected for treatment. The 
dosage to the entire body should rarely exceed 120 roentgen (r) units 
in one course of treatment. 

Supportive therapy, such as a diet rich in iron, liver or liver extract 
and, in selected cases, small transfusions, may be a distinct contribution 
in the care of the patient. 


SUMMARY 


Eighty-six cases of lymphoid leukemia were analyzed, and six 
patients (7 per cent) were found to have associated gross changes of the 
hones which were demonstrable by roentgen examination. 

Eighty-three cases of myeloid leukemia were analvzed. and one 
patient was found to have gross changes of the bones. ' 


The changes of the bones in general were found to be either osteo- 
porotic or osteosclerotic, with or without periostitis. 

The general course of the disease is no different from that usuallv 
seen m cases of lymphoid and myeloid leukemia. 
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The urine of one patient was studied for Bence-Jones bodies, with 
negative results. 

The patients with lymphoid leukemia were often of the aleukemic 
type, while the patients with myeloid leukemia had definitely increased 
leukocyte counts. 

The treatment is discussed. 



MEDIAN CLEFT OF LOWER LIP AND MANDIBLE, < Li-.l- 
STERNUM AND ABSENCE OF BASHIVOin 


urpfiST 01 r A CAPE 


CHARLES BRUCE MORTON, M.D. 
Assistant Professor of Surgery ami Gynecology 
asi> 

HARVEY ERNEST JORDAN, Ph.D. 
Professor of Histology and Embryology 

UNIVERSITY, VA. 


Inferior gnathoschisis is an extremely rare anomaly. Search of the 
literature has revealed only three instances of ibis defect in man. Keith 3 
recorded a case in a full term infant (MacCormick's specimen in the 
museum at St. George's Hospital). Dupuvtren 2 mentioned a case of 
"median fissure of the lower lip and lower jaw.” W oilier " described 
a similar case in which there was, in addition, a cleft tongue. Hamilton : 
and Bland-Sutton 1 each reported a case of partially cleft lower lip. 

The defect is apparently equally rare in the lower animals. Walker s 
reported a median cleft of the lower lip, the lower jaw and the tongue 
in a calf. According to Keith the collection of examples of facial mal- 
formation in the museum of St. George’s College includes only three 
specimens of median cleft of the lower lip and jaw; one from an ass. 
another from a cockatoo and a third from a sparrow. 

In Wolfler’s case of an infant of 23 days, the defect was corrected 
by operation, which added interest. McCurdy 4 gave a brief description 
of the malformation in this case and of the operative procedure : 


The lower lip was split in the median line into two halves, which were again 
connected by cicatricial bridge in the lip proper. The latter, more strongly 
developed in its upper part and drawn toward the oral cavity, extended into the 
median line of the chin and into the neck down to the suprasternal fossa, becom- 
ing narrow and flatter as it descended. The cicatricial fissure in the lip corre- 
sponded to a defect in the lower jaw itself. This consisted of two halves, which 
were united by loose connective tissue and ran downward toward the median line. 


Oral Surgery, Philadelphia, 


From the University of Virginia. 

L Keith, Arthur, quoted by Brophy, T. W, 

P. Blakiston’s Son & Co., 1915, p. 559. 

2. Quoted by Paget, S.: Malformations of the Lower Lip, Lancet 2:476, 1892 

3. Wolfter, Anton, quoted by McCurdy. 4 

190L pnm rdy ’ S ' : 0ra ’ Surgery ’ PiUSburgh ' Ca5umet Publishing Company, 
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I lie movable median ends of the two lnlwc nf i 

? S, "« ; M V- U,C C< ’" di,ta “« »•«<*; «* anterior portta «« 

here i '"l ’i "‘ h ™ l,a '?' , '’ kC tllC ' CaVCS of a " »«» b “'a The moMlitv oi 
1 T, ' ? s "” ,Cl ' ”" crfa ' cd '»■ a* adhesion of a median cicatrix 
at ,C 6ottom of {i,c fissurc - to the floor of the mouth. The base of the fondue 
was not split. It was, therefore, a median cleft of the lower lip, involving the 
lower jaw and tongue, the lateral halves being held together at a distance bv 
a cicatrix formation. 


After a period of six months, operative treatment was determined upon. After 
splitting the cicatricial bridge, connecting the two halves of the lower lip and 
lower jaw, the cicatrix of the tongue running into the median line was first 
dissected from the floor of the mouth. The tongue was thus divided into two 
longitudinal halves, which, after removal of the cicatricial edges, were sutured, 
whereby the normal form of the tongue was restored. Then two pieces, each 
one centimeter wide, were removed from the ends of the jaw in order to obtain 
fresh bone surfaces, and united by means of silver wire. Finally the edges of the 
soft parts of the lower lip were freshened and sutured a la Mirault-Langenbeck. 
The healing of the wound progressed uninterruptedly. A small and final opera- 
tion was required and performed for the correction of the cicatrix of the chin 
drawn into the groove at the lower end of the united lower maxillary. 


The rareness of inferior gnathoschisis makes desirable the detailed 
description of additional cases. The malformation in our patient at the 
University of Virginia Hospital was extreme and was similar to that 
of Wolfler . 3 

REPORT OF CASE 

History. — R. N. M., a white girl aged 13 days, was admitted to the University 
of Virginia Hospital on June 2, 1932. Her parents brought her for treatment of 
a congenitally cleft lower lip and jaw. 

The child’s family history was entirely unimportant. She was the tenth child 
born to her mother by the same father. All the previous children were said to 
be healthy and normal in every respect. Her parents were healthy, well nourished 
and apparently normal both physically and mentally. No congenital defornnt.es 
were known to have occurred in any preceding generations or m any collatera 
relatives. The mother was delivered of the child uneventfully at full term y a 
midwife. 

Examination . — The child was well nourished and seemed to be healthy an 
normal in every respect except for an apparently imperforate j men an 
genital cleft commencing with the lower lip and extending to a poi 

down the sternum. , , 

The character of the deformity may be seen m figure I. k no , ^ 

lip, the upper alveolus, the hard palate, the soft palate and the uvu a ■ 

normal. The lower lip, the chin, the mandible and the floor. 
cleft. The tongue was interposed between the two sides of _> 
and the end was attached by tough, dense fibrous t.ssue to ^ thm deh 
of the neck. The entire undersurface of the tongue was «£££*£ „ cck 
floor of the mouth. The tip of the tongue was adherent so far 
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(.V 


,« ,, — , »<> ***** » r r- 

t.»s« ’HtJircvi.kn. .M * M> «* «»«• 

S^TST^r™. <•« . : i «>«■ cw. ». .<* ™> 

0 { the neck and hence seemed unusually vide. Mrm 

<* 

iTJt — M of the -a - hy a «<ny ' 

lium but other parts seemed to be urn. pi the! mum 

lacking over the entire triangle. Cordlike prominences were evidein 

the surface; presumably they represented' the an.enor muscles ... the ,.u .. 

hyoid bone and the thyroid gland vere not palpable. 1 he larynx i-mld >’ 
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Fig. 1 . — . 1 , photograph shoving the child with gnathoschisis. in repose. />’, 
the nose, upper lip, upper alveolus and palate were normal, and the lover lip. 
mandible and sternum vere cleft. Mote the deformity of the tongue, simulating 
a cleft. 


by deep palpation, and phonation was normal. The entire manubrium and upper 
half of the sternum vere apparently lacking. The sternal ends of the clavicles 
and ribs were consequently widely separated and movable. The sternocleido- 
mastoid muscles vere attached to the ends of the clavicles, and the movements 
of the head seemed to be normal. In repose the triangular area was depressed 
except for the cordlike muscles, which stood out more prominently -\t each 
inspiration the depression was accentuated, while at each expiration' the depres- 
sion was slightly decreased. When the child cried or otherwise forcibly increased 
the intrathoracic pressure the triangular area bulged greatly. There was tvmpanv 
^ggested that the bulge was due to underlying lung tissue. The thvmus 
uas not identified. Roentgenograms of the entire body were made, but no defor- 
mities other than those described were found in the bones 
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satisfactorily, though there "wm mZd TooUn ^ °' ^ 3 b ° tt,e fair,y 
entire area constantly moist and cn i ° 3t 3 * flmes - This kept the 

,m Z'i ' so r ''" a ‘ s ™ ra ' “ 

t,,e « ■*' - ~ 

,n '" 1 '« '«k mid |l, e „,„ eins 0 , ,„ e JJ, ° ne * ,r “ d ’™" «« Mack- 

a wedge of tissue with its base at the tin f ti ’ ^ d,ssect,on - B - v excising 
and another wedge with its base on the °? 1£ /° ngUe and its apex Posteriorly 

— » - - — ^ r - r— 



T%- -■ — A photograph showing the immediate postoperative result (ten days). 
Note the normally mobile tongue, the scar of approximation of the two halves of 
the chin and the marked bulging in the region of the sternal defect due to 
increased intrathoracic pressure when crying. 


were approximated by sutures placed in the soft tissues only. The child stood 
the operative procedure well, but it seemed safer to complete the repair at a 
later date. 

The postoperative convalescence was uneventful, and the child continued to 
thrive. In a few days the tongue appeared to be almost normal and functioned 
normally. 

The second operation was performed on June 25, 1952. With the patient 
under ether anesthesia, the edges of the cleft in the lower lip and chin were 
excised, and the contour of the lip and chin were restored to relatively normal 
appearance by suture (fig. 2). 
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The child's convalescence from this operation was uneventful. The Mruituu*. 
healed by primary union, and both anatomically and c'-thctically the rv-v.it was 
satisfactory. Several days later the child was taken home. The parents were 
directed to keep closely in touch with us. and plans were made to contplrte tfi<- 
plastic work at a later time by a whole thickness skin graft and subwijucut 1 1 ue 
graft at the site of the sternal defect. 

Rcs\ilt . — The child was brought in for examination in January P>33, approxi- 
mately six months after the operation. At that time direction-, were given ike 
parents regarding improvement of the child's diet. A photograph taken at that 
time shows the relatively normal appearance of the face (fig. a). 

A letter, dated March 27, 193-1. from the child's parents stated that -he died 
on Jan. 30, 1934, of pneumonia which followed measles. Prior to this a ,n< r i!h:v> 
the child seemed to be perfectly well and thrived normally. Postmortem rvami. 
nation unfortunately could not he made. 



IS at the site of the sternal defect. ’ C ' WdoU ,,1c hepression 


COMMENT 

the embryologic interpretationTn terms of questions : 

pharynx; the nature of the factor nnrl P i .• P ” 10rd,a ot t,lc primitive 
and the explanation of the relative infrl' the developmental arrest, 
maxilla as compared with tha'of tl" Z"" ^ ** ° f ^ ^or 
primary defect concerns the mandible- 1 f'^ maXllla ' °hviously the 

t le Chin ’ the submental area of the skii theTT ^ t0ngUC ' thc H P- 
anterior half of the sternum are second^ ^ ° f ^ ^ a «d the 
factor prevented the normal medial union ' t ^ C3SC the inh >'bitorv 

prim° rd;a . the n-andi^^ P r™°ot ** ° f 

arcl.es; the resulting anomalous cleft In the „ • ■ ‘ pa,r ° f branchial 

the primitive mandible disturbed 
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tllC ,,< ) >rma ! ^'^opment of adjacent structures. This conclusion is in 
accord with the chronological order of development of the primordia of 
the involve d structures; The mandibular processes fuse to form the 
primitive lower jaw dining the fifth week, the anterior tongue primordia 
fuse during the seventh week, and the paired sternal primordia begin 
fusion anteriorly during the ninth week. 

The lateral wall of the primitive pharynx consists of five branchial 
.itches alternating with branchial grooves. These embryonic structures 
contribute the primordia of the boundaries of the mouth and of the 
walls of the pharynx and larynx and their associated glands (fig. 4). 
Since the body of the hyoid bone was lacking, the defect involved at 
least the first three branchial arches. And since the anterior aspect of 



the neck was malformed, the remaining two arches were probably also 
involved to a slight degree. The sternum receives no contribution iron, 
the pharyngeal region ; the sternal defect was secondary to t ic man- 
dibular and submental fissure. The defects are relatec on y 0 
medial ends of the bilaterally paired primordia; the ends of jc • 
dibular processes and those of 'the second and thirc jran ^ l c ' medial 
failed to meet in the ventral midline. Since the primor ia o 
portions of the lower jaw. the lower lip, the chm and the M ^ 
hyoid are derived from this medial area following fus. on, to* *«* 
tures failed to develop in the absence of fusion of the ventral ends 

the paired branchial arches. 
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Under these conditions a bifid tongue was ... be expected. The fact 
that the tongue was approximately normal except for Us firm •'tt.uhuu u 
mediallv to the floor of the mandibular cleft is puzzling. ll.nvever. he 
tongue "as bound down to the floor of the cleft appeared to be double 
anteriorly and was deeply creased in the midline. 1 Ins bilaterally p.nr.,1 
condition indicates the original pair of anterior tongue pmuordta. 1 hi- 
primordia constitute the superficial oral portions of the mandibular pm. * 
esses. Since these processes failed to unite, the tongue primordia would 
also be expected to remain unfused and consequently to produce a split 
tongue. One can only conclude that the anterior tongue primordia were 
sufficiently closely approximated medially to permit of at least such a 
degree ot fusion as could subsequently he improved by regulatory proc- 
esses and result in a fairly normal uncleft tongue. 

The midventral fusion of the branchial arches proceeds in a cephalo- 
caudal direction. The nonfusion of the dominating mandibular proc- 
esses of the first pair of arches may he assumed to have held apart tin- 
ventral ends of the succeeding arches. The restraint on the second and 
succeeding arches may he interpreted as the mechanical effect <>f tin- 
spread of the mandibular processes. The photograph of the postopera- 
tive result shows an approximately normal width of tin- lower jaw and 
chin. The mandibular cleft was apparently not the result of any lack 
of tissue but of the operation of some factor preventing contact of the 
opposed ends of the mandibular processes. In view of this, an alterna- 
tive explanation ot the submental cleft and the absence of tltc hnsihyoid 
may be given in similar terms. The same factor which hindered the 
approximation and union of the mandibular processes may have held 
apart also the opposed ends of the lower branchial arches. Since the 
body of the hyoid develops from the ventral area of fusion between tile- 
ends of the second and third pairs of branchial arches, the absence of a 
basihyoid is explainable also on the basis of a failure on the part of 
these two pairs of arches to become approximated in the midline. The 
same interpretation of mechanical resistance to median apposition of 
arch primordia may explain the defective integument and musculature 
over the anterior surface of the neck. The thin median area represents 
the original ventral pharyngeal region which remained uninvaded l,v 
branchial arch mesenchyme. 

The anterior portion of the sternum was cleft, and the manubrium 
appeared to be entirely lacking. The bifid portion of the sternum cor- 
responded m extent approximately to the defective area of the neck and 
adjacent portion of the chest. The body of the sternum arises from a 
bilateral pair of cartilaginous sternal bars, which fuse medially during 
the ninth week. The manubrium arises from a pair of presterna! car 
tilages opposite the ventral ends of the clavicles. The bifid condition 
ot the upper end of the sternum in this case was obviously ffie resuTt 
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of a failure of ccphalomcdial fusion between the pair of sternal bars 
unc between the adjacent manubrial cartilages. The external (manu- 

e n tk of M I"" PrCSUn I ably beC ° me 3ttached either to the adjacent 
ends of the clavicles or to the cephalic ends of the bifid sternum At 

the ninth week, when the paired primordia of the sternum normally fuse 
the lower jaw is already relatively well developed. The median separa- 
tion m the lower jaw in our patient may be assumed to have prevented 
the normal approximation of subjacent bilateral paired primordia and 
thus to have inhibited the normal development of the anterior half of 
the sternum. 

1 his interpretation, then, that this group of medial clefts in struc- 
tures which require for norma! development orderly medial fusion of 
the i espective mesenchymal primordia was the product of some factor 
inhibitory to the normal medial approximation of the ventral ends of 
the primordia calls for an identification of the nature of the repressive 
influence. I he view that these defects are not the result of the lack 
of actual primordial tissue or even of deficient ventromedial elongation 
of the paired primordia, the embryonic branchial arches, may explain 
also the absence of a terminal cleft in the tongue. The anterior tongue 
primordia in our case were presumably of normal extent, and since the 
primordia are located on the oral surface of the mandibular processes 
and the wide portion of the mandibular cleft is in the region of the chin, 
they were not sufficiently widely separated to prevent a nearly normal 
degree of medial fusion. 

In our search for the factor which prevented the approximation and 
fusion of the ventromedial ends of the mandibular processes, resulting 
in the wide cleft of the lower jaw, we were logically led to a stage just 
preceding the time of fusion of the mandibular processes, namely, to a 
point in time at the beginning of the fifth week. This stage of develop- 
ment is represented by an embryo approximately 5 mm. in length 
(fig. 5). At this stage the head end of the embryo is sharply flexed in 
the cervical region ; the ventral surface of the pharynx is pressed down 
on the cephalic surface of the heart. Corresponding with the relatively 
thin midventral region of the pharynx, the area, of approximating but 
unfused ventral ends of the mesenchymal branchial arches, is the aortic 
bulb (anteriorly) and the continuous truncus arteriosus. One news 
only to postulate some factor of pressure producing a closer apptm.- 
, nation than normal between the thin midventral surface of the pta nx 
and the subjacent anterior cardiac reg.on to expam the lack of tern 
fusion between the ends of the paired) Ujnccnt 
approximation under pressure between the p har > na a ™ „ fm orc 
supracardiac wall of the body would produce a certain deg 

or less transient adhesion between the apP ° scc Ll»rv effect of 
could possibly be the primary factor rather than a 
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compression. The factor of adhesion, whether ot ; 

primary significance, helps further to explain the binding «Wmi »t * 
chin to the subjacent region of the neck (which was conspicuous m the 
side view of our patient) and possibly in part explain;. the integu- 
mentary and muscular matdevelopmem in the region «'f the amcrior 
portion of the neck and upper part of the breast. 

An analysis of the essential data. then, leads to the conclusion that 
the primary factor in this case was. mechanical. The compression ot 
the ventral pharyngeal region onto the anterior cardiac region at the 
5 mm. stage (from 30 to 35 days) and/or adhesion between these two 
apposed surfaces along the midarea prevented fusion of the ventro- 



35 

D 


Fig. 5. A drawing of the right side of tV atts’ embryo, at approximately the 
day stage (from Jordan and Kindred : A Textbook of Embryology, New York. 
. Appleton & Company, 1930). 


medial ends of the paired mandibular processes and of the succeeding 
pairs of branchial arches, producing in consequence primarily a medial 
mandibular cleft and secondarily an anteriorly cleft sternum and a 
medial cervical area of defective skin and musculature 

This explanation of the anomaly, however, it must be admitted 
only deepens the mystery of the rarity of the occurrence of clefts in 
te inferior maxilla. If this simple mechanical explanation sufficed the 
anomaly should be expected to occur much more frequently Assuming 
that the explanation is correct, as the anatomic and embrvologic evidence 
ou med seems to mdieate. then the extreme raritv of 'the defect ma " 
hate „s explanation the fact that fnsion between the midveS 
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pharyngeal region and the subjacent cardiac region, other than that of 
very slight degree, would almost certainly result in such serious inter- 
ference with the normal cardiac function as to produce death and 
abortion before the beginning of the third month. An examination of 
aborted embryos of this period might reveal previously unrecognized 
instances of potential inferior gnathoschisis. Under this interpretation 
the cases of simple median cleft of the lower lip would represent 
conditions of the least degree of transient compression and fusion 
between the pharyngeal wall and the supracardiac integument. 

SUMMARY 

A review of the literature revealed that inferior gnathoschisis is an 
extremelv rare anomaly. Only three instances of complete gnathoschisis 
in man, two instances of partially cleft lower lip in man and three 
instances of gnathoschisis in animals were found. 

The case of a child with a median cleft of the lower lip and 
mandible, associated with a cleft sternum and absence of the basihyoid 
has been described in detail, together with the operative procedure 
employed to correct the deformity. The embrvologic factors involved 
have been discussed. 



CONGENITAL ABSENCE OE THE. SACKLU 
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Detects of the caudal end of the vertebral spine are not m> une.miniMn 
as one would imagine it judging from the literature. This de tommy 
has been considered and reported more frequently in recent years, hut 
it has had scanty mention when compared with the frequent reports of 
deformities in other parts of the spine, for instance, the Klippehhei! 
syndrome. A plausible explanation is that deformities <«( the caudal 
portion of the vertebral spine are usually combined with extensive 
involvement of the viscera and the lower extremities and are not com- 
patible with life and that hence they are of move theoretical anatomic 
interest. Many of the peculiar sirenes belong to this group. As a rule, 
these conditions show, in addition to the malformation of the lower 
extremities, considerable numerical reduction of vertebral segments, 
either complete, involving vertebral bodies and arches, or incomplete, 
with partial development of some of the segments. However, there art- 
cases in which the degree of deformity of the caudal portion of the 
vertebral spine is compatible with life, and it is with these that the fol- 
lowing pages are concerned. 

A search of the literature revealed reports of only eighteen cases, 
and so the presentation of two others seems justified. Dr. Steindler 
permitted me to report these two cases. 

Because of the few reports in the literature, a brief presentation in 
their chronological order is of interest. 

Wertheim 1 reported the case of a girl, aged S days, who died of 
severe loss of weight; the spine ended at the fifth lumbar vertebra, and 
the sacrum and coccyx were missing. 

Albrecht’s 2 specimen showed a normal first sacral and a hypoplastic 
second sacral vertebra; the rest of the sacrum and coccyx were absent. 

Litzmann " reported the case of a woman, aged 36, who had had 
deformity and weakness of the feet from birth. The feet were in the 
calcaneous position. The patient was incontinent. She had had two 
previous pr egnancies; both of the infants were stillborn. The patient 

d, * 0rih °’"“' - 

Mnnlj ^ erthe, "\ C C-: Complete Absence of Sacrum and Coccvx in New-Born 
Monatschr. i. Geburtsh. u. Frauenkr. 9:127 1857 ’ rn ’ 

3 TsT Sscra '- - 

2S*“- *• — 
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^ l , lK "t 1 ^ ^ aIone were 

PIC u,l .uul formed a sem.crcle which permitted bony union of the 
luniltar spine to the iliac wings; there were a sacralized third lumbar 
vertebra and malformed third and fourth lumbar vertebrae; the pelvis 
hacl ;i small transverse diameter. 

fall)’ " reported the case of a child, aged 9 years, who had Little’s 
syndrome, club feet, dislocation of the hip and absence of the sacrum 
and coccyx. 


I riedcl ’ lepoited the case of a full term child of undetermined sex 
who died following trauma occurring at birth. Rupture of the skin of 
the popliteal fossa with infection and erosion of the popliteal vein had 
occuncdj the vagina was rudimentary; the right foot was in the cal- 
caneus, and the left in the equinus position. The spine ended at the 
tenth dorsal segment. The ischial spines were fused. 

hitch s' 1 case was that of a hoy, aged 6 years, who stumbled easily 
and who was incontinent; there were anomalies of the lower cervical 
and the upper dorsal portion of the spine. The lower four sacral seg- 
ments and the coccyx were absent. 

White’s 4 5 6 7 8 patient was a full term, stillborn boy with atresia of the 
rectum and anus; both feet were in the equinovarus position, and there 
were severe abdominal malformations. The two lumbar vertebrae were 
rudimentary. The rest of the spine caudally was absent. 

Charlier and Sauty s reported the case of a 4 month old hoy with a 
large spina bifida manifesta. He was incontinent. The right foot was 
in the equinovarus, and the left in the calcaneovalgus position. Death 
followed the removal of a meningocele. There were right dorsolumbar 
scoliosis and extensive spina bifida caudally from the tenth dorsal 
vertebra. The sacrum and coccyx were absent. 

Rendu and Verrier’s 9 * patient was a child, aged 1)4 years, who was 
incontinent and who had partial paralysis of the lower extremities. 
The right foot was in the equinovarus, and the left in the calcaneo- 
valgus position. There was dislocation of the hips ; the fifth lumbar 
vertebra was substituted for the first sacral veitebra, and the sacrum 
was represented by a small bony fragment between the iliac wings. 


4. Mally, quoted by Foix and Hillemand. 13 

5. Friedel, G. : Defekt der Wirbelsaule vom 10. Brustwirbel an abwarts >ci 
einen Neugeborenen, Arch. f. klin. Chir. 93:944, 1910. 

6. Fitch, R. R. : Congenital Absence of Vertebrae Below First Sacra , 

J. Ortho. Surg. 7:540, 1910. „ 

7. White, C. : A Fetus with Congenital Absence of the Sacrum, ro . 

Soc. Med. 4:279, 1911. 

8. Charlier and Sauty: Spina bifida geant, Rev. ort op. . ’ . 

9. Rendu, A., and Verrier, H. : Absence partielle du sacrum, malformat.on 

multiples. Rev. d’orthop. 4:311, 1913. 
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Bradburn 10 reported the case of a man. aged 24. who had been 
incontinent since birth. His feet were contracted and the sacrum and 

coccyx were almost entirely missing. 

Stewart’s" patient was an incontinent hoy. aged (> years, who was 
verv active on his feet, which were in the equinovarus position. The 


sacrum and coccyx were missing. 

Desfosses and Mouchet reported the case of an incontinent girl, 
aged 7 / years, whose feet were in the equinovarus position. The 
rectum opened into the vagina: the lower two lumbar vertebrae, the 
sacrum and coccyx were missing. 

Foix and Hillemand ' 3 reported the case of a man. aged 51. who 
had been incontinent until the age of 14. although there was subsequent 


slight improvement. There was atrophy of the buttocks, thigh'' and 
feet. The fifth lumbar vertebra was sacralized. The four sacral seg- 
ments and the coccyx were missing. 

The patient of Foix. Hillemand. Achard and M 07.011 " was an incon- 
tinent woman, aged 21, with atrophy of the buttocks. The interghitcal 
groove was almost absent, and the fifth lumbar vertebra was sacralized. 
The lower three sacral segments and the coccyx were absent. 

Leri and Linossier 15 reported the case of an incontinent woman, 
aged 41. who had had two full term pregnancies, both children dying 
during the delivery. The right foot was in the equinovarus and the 
left in a laterally displaced position. The lumbar portion of the spine 
was deformed and fused, and the sacrum and coccyx were absent. 

Drehmann’s 10 patient was an incontinent hoy. aged 1 year, who had 
club feet and a weak musculature of the lower extremities. The last 
two lumbar vertebrae and the sacrum and coccyx were missing. 

Brack’s" patient, a stillborn child, bad a deformity resembling a 
sirene and was of undetermined sex. The sacrum and coccyx were 
missing. 


10 Bradburn, W. R. : Interesting Case of Infected Bladder and Kidnevs Due 
to .Malformation of Sacrum, New Orleans M. & S. J. 74:633 (March) 1923. 

11. Stewart. S. F.: Absence of Sacrum, Arch. Surg. 9:647 (Nov.) 1924. 
192? DeSf ° SSeS> P ” ^ Mouchet: Abs «Ke du sacrum, Rev. dorthop. 11:61. 

31; « F S C " "* *■■■ ***** Rev. n enrol. 


H- Foix : Hillemand , Achard and Moron, cited bv Foix and Hillemand » 

1»P. d. Pa* •SwoKWaS' * * "*"• **• 'I 

rei lA Drehmann, G .t Heber angebor.ne Wirb.ldef.kte, Belt,, a. kiln. Chir. .39, 

Kll E - : *• KraM "' Arch. f. path. Anat. 3,2:295. 
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AtrLhVtho PatiCnt WaS a premature stillborn girl. 

•V' f was present The ^et were in the equinovarus 

1>osi ion, and the abdominal organs were normal. The lower four 
umb.u segments and the sacrum and coccyx were missing. 


REPORT OF CASES 

1 be two cases from this clinic follow. 

. Casf l.~ s . J a gcd 14 months, had had deformities of the spine and legs since 
hirth. She was horn at full term of a 20 year old primipara by normal delivery. 
At hirth shortening of the thighs and torso was noted. Loss of tone of the brnvel 



Fig. 1 (case 1). — The patient at the age of 14 months. Note the lumbar 
kyphosis, the atrophy of the buttocks and the equinovarus deformity of the feet. 

and bladder sphincters was soon evident. The family history was essentially 
unimportant. Physical examination revealed the following positive findings: 

1. A short torso with lumbar kyphosis. 

2. Dislocation of the hip joints. 

3. Flexion contractures of the knees of 20 degrees. 

4. Bilateral talipes equinovarus. 

5. Fecal and urinary incontinence. 

6. Flattening of the buttocks and some atrophy of the thighs posteriorly 

Roentgen examination showed the following significant features. 

1. Partial or complete fusion of the ribs on both sides of the thorax. 

2. Spina bifida occulta of the upper dorsal region. 

3. A right lumbar rib. 

4. Three rudimentary lumbar vertebrae. 

5. Loss of osseous continuity between the third lumbar vertebra and the pchi. • 

18. Feller, A., and Sternberg, H.: Zur Kenntnis dcr Fehlbiklimgen der 
Wirbelsaule, Virchows Arch. f. path. Anat. 280:649, 19,11. 


HBirsJ-co.vM.v/r.'J. Msnscii 01- >' 

■ -“^ u 

, Bilateral di, location - *££ 7 ^ ^ tl ,„ * tltc , 

The patient's parents vtm • • o( k „„, (,rt. At that tnn 

2 years old tor correction bracing the knees ncaitvd cadi 

the child was able to sit alone pa ,i c «.t did not return tor 

other. Operative correction was again adusul. 

treatment. 


,v- 
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Fig. 2 (case 1). — Roentgenogram showing absence of the sacrum and of the 
lower two lumbar vertebrae, deformities of the thorax and dislocated hips. 


Case 2. — R. S., aged 9 years, was unable to bend the knees or to walk without 
crutches. There was backward bending of the left knee with turning out of the 
legs. The deformities mentioned were present at birth, which was normal. Urinary 
and fecal incontinence was complete, but intestinal control improved gradually. 
At the age of 5 years, following closed reduction of the hips (?) and femoral 
osteotomies to correct severe internal rotation contractures, the patient was able 
to walk. However, the position of the kg gradually changed to a progressive 
external rotation contracture and a left “back-knee.” Crutches became necessary. 


'Mi 1 
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Physical examination showed the following positive findings: 

1. Bilateral valgus of the feet, with marked contractures of the achilles 
tendon. 

2. The right knee in full extension and allowing only a few degrees of flexion. 
.1. The left knee in 50 degrees of recurvation, flexion being blocked by the 

contracted quadriceps. 

4. Dislocation of the hip joints with outward rotation contractures and limitation 
of hip motion in flexion and internal rotation. 

5. Urinary incontinence. 

6. Rudimentary but descended testicles. 

7. Atrophy of the thighs and buttocks with short intergluteal fold. 



Fig. 3 (case 2).— The patient at the age of 9 years. f P t j, e lower 

buttocks and thighs, the perineal disturbance and the deform 

extremities. 

Roentgen examination showed the following significant feature,: 

1. Four lumbar vertebrae. in close apposition 

2. Absence of the sacrum and coccyx, with the 

posteriorly. 

3 Dislocation of the lup joints. 

4. Small knee joints, with normal contours. tn.sclc, f„» 

Following a Bennett plastic „*£ Lpro'vcd by means <4 lorn- 

— r r 

good alinement o! the lower extremtt.es. 
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COMMENT 

f'vo.11 the cigluccn cases reported in the literature and the two 
ci o. ted in this article, it is noted that absence of the sacrum is often 
compatible with hfc and that associated with the primary defect of the 
tern a! spine are characteristic clinical findings which are due in part 
to the deformity itself and in part to the accompanying lesion of the 
nervous system.. The manifestations of the deformity itself are a char- 
acteristic flattening of the contour of the caudal region, absence of the 
buttock prominences and the groove between them, absence of sacral 
spinous processes and on rectal examination the encountering of soft 
tissue instead of the normal bony concavity of the sacrococcygeal 
segments, 1 he iliac wings appear pushed together posteriorly and are 
almost vertical, thus narrowing the pelvic canal. Very characteristic 
arc the roentgenologic findings which remove any doubts which are 
present after a clinical examination. 

V ith the typical neurologic and orthopedic manifestations are pri- 
marily associated incontinence of urine and occasionally incontinence 
of feces as well. This incontinence is complete but may show slight 
improvement in later years, especially during die day time. It is of 
interest that despite the urinary difficulty the genital system usually 
escapes involvement, as demonstrated by the ability of two adult females 
to carry their progeny to term. Leri and Linossier explained this on 
the basis of loss of innervation to the urinary organs, which is sacral 
in origin, as compared with tire genital innervation, which is lumbar. 

Next in frequency are the deformities of the feet, which were 
absent in only six cases. As a rule, die deformity is a paralytic club- 
foot, in some cases one foot being in the equinovarus and the other m 
the calcaneovalgus position. There can be no doubt that these deformi- 
ties of the feet are due to a lesion of the sacral or lumbosacral plexus, 
as they occur also in cases of spina bifida occulta and spina bifida 
aperta. As far as the sensory disturbance is concerned, it is difficult 
to obtain a clear picture from the data in the literature. In some 
cases the patient is reported as having complete sensory and motor loss 
of the lower extremities, while in other cases with apparently the same 
degree of involvement the nervous disturbance did not seem to be pro 
nounced. These differences may be due in great part to the amount 
of care taken during the neurologic examination. Moie accurate exan 
nation reveals the sensory and motor loss to be that of the sacra 

lower lumbosacral plexus. _ . . 

Foix and Hillemand were impressed by the clinical similar i t j o t 
cases with congenital absence of the sacrum. They considered 
picture to be a syndrome for which they introduced the erm . • 
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crwo-reskc-fcssurr «nd especially Uw ctanwu-vwlw r..,J > 

of the nluteal regions. This term is nol <tecn,«m- m.m l I k 
Joint oi view, because there is no real <lys.ro, thy. as all the >m«m' 
included in the term me entirely due to the myelodysplas.a or cmeenu.d 
lesion oi the plexus connected with absence of the sacrum. Worn the 
clinical point oi view, however, the term may he acceptable. a> tt mclud- 
the outstanding clinical symptoms, namely, involvement oi the imvn 
extremities, the bladder and the gluteal regions. 

To the group oi infrequent findings belongs the dislocation of the 
hip joint, which was present bilaterally in four cases. 1 he severe pelvic 
deformity with almost vertical iliac wings doubtless represents the 
mechanical reason for the deformity. 

In ten cases associated anomalies of the vertebral spine were found 
in more cranial segments, most frequently in the lumbar region. 1 his 
shows clearly that there is only a gradual hut not an essential difference 
in the deformities of the spine. 

Absence of the sacrum is also of practical interest to the obstetrician. 
Albrecht introduced the term “dyspygic pelvis" for this pelvic deformity, 
which is characterized by a marked decrease in the transverse diameter. 
Litzmann stated the belief that it is a third type of pelvis with a narrow- 
transverse diameter and classified it with the ankylotic and the kyphotic 
pelvis. That the female with this type of pelvis is handicapped is evi- 
denced by the difficulties during labor which are mentioned in the case 
of Litzmann and in that of Leri and Linossicr. 

As far as etiology is concerned, there is no doubt that the condition 
must date, as do all severe congenital deformities of the spine, to lin- 
early days of embryonal life. Several theories have been advanced, 
varying from Wertheim’s theory of late prenatal origin to Friedcl’s 
conception of a minute embryonal trauma producing a longitudinal 
kink in the long embryonal axis, with caudal suppression. The most 
plausible theory is the hypothesis of Feller and Sternberg, which 
explains the sacral variations and peripheral manifestations on the basis 
of a varying degree of defects in the posterior portions of the mctameric 
segments, with additional involvement of the anterior portions in cases 
with abdominal visceral anomalies. They advanced their theory in con- 
trast to Bolk’s theory of complete suppression of the segments. The 
latter author was unable to explain a complete segmental defect in the 
vertebral spine with normal development of the ventral organs. 

The treatment can be only symptomatic. Simple orthopedic pro- 
cedures, such as manipulative correction of the deformities of the lower 
extremities or young children and osteotomies for older person can 
be of great benefit, as shown in one of our cases. 
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SUMMARY 

To the eighteen cases of absence of the major part or all of the 
sacrum and coccyx reported in the literature two cases were added, 
both with complete absence of the sacrum and coccyx. 

The associated findings which predispose to this diagnosis are 
urinary incontinence, clubfoot, absence of the coccyx and of all or 
part of the sacrum, occasional sacralization of the last lumbar vertebra 
and atrophy of the buttocks and thighs. 

Treatment is directed toward correction of the deformity of the 
lower extremity if sufficiently active muscular action is present to indi- 
cate that the patient will be able to assume the erect position when the 
lower extremities and the spine are alined. 



EFFECT OF PNEUMOTHORAX AND OLEOTHORAX 
ON THE HISTOLOGIC STRUCTURE OF 
THE THYROID GLAND 


A, CLIFFORD ABBOTT. M.D.. F.K.C.S. <Lpin.' 
ALEXANDER M. GOODWIN. M.D. 

SARA MELTZER. M.D. 

AND 

EARL STEPHENSON. M.D.. Ctt.M. 

WINNimi. CANADA 


Celsus . 1 discussing the study of anatomy by the dissection <>i living 
criminals, a practice in vogue in Alexandria in the third century R. t .. 
stated : 

It is indeed true that the abdomen, with which our argument is less concerned, 
can be opened while a man yet lives, but as soon as the knife reaches the thorax, 
and cuts the transverse septum, which is a membrane dividing; the superior parts 
front the inferior and called diaphragma by the Greeks, the titan at ottre give- 
up the ghost and thus it is the breast and its viscera 0} a dead man and not a 
living man which the murderous physician examines. He had tints performed a 
cruel murder and has not learned what the viscera of a living man are like. 


In this article we are not concerned with the results of opening tile 
thoracic cavity. We are, however, interested in what effect a large 
pneumothorax has on the thyroid gland, and we wish to raise the ques- 
tion of whether pneumothorax produces anoxemia. The problem, 
although physiologic, has received scant attention. To the clinician it 
is of prime importance to know in what way he alters the physiology 
of respiration and what changes he causes in other organs when he 
produces pneumothorax in a patient. To the thoracic surgeon also it 
is essential to know the gross effects of pneumothorax. 

Marine, Spence and Cipra . 2 Webster and Cipra . 3 Baumann. Cipro 
and Marine 4 and Chesney. Clawson and Webster 5 have shown that an 
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+ 
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* Tho result obtained in each instance is indicated by +. 
t This was a very large puppy. 


fact 7 that cyanides produce internal anoxemia; that is, they inhibit indi- 
vidual cellular respiration. In recent years the contention has been that 
all patients with hyperfunctioning thyroid glands are anoxemic, and 
oxygen tents have been used with good results in thyroid crises, both 
preopera tivelj 1 and postoperatively. 

6. McCarrison, R. ; Sankaran, G., and Madhava, K. B. : Indian J. M. Research 
20:723 (Jan.) 1933. 

7. Sollmann, T. : Manual of Pharmacology, cd. 3, Philadelphia, W. B- 
Saunders Company, 1926, p. 773. 
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Reich and Blauel 8 showed that tracheal stenosis produced colloid 
goiter. This work was confirmed by l’reitner." Until groups believed 
the change to be due to a lack of oxygen, presumably anoxemia of the 
external type. In a recent publication we confirmed the fact that 
tracheal stenosis, if severe enough, produces a colloid, (juiescent phase 
in the thyroid gland. At the same time we raised the question as to 
whether this change is due to anoxemia, to partial asphyxia or to some 
much more complicated biochemical process. During the course of our 
experiments on tracheal compression, the question arose as to whether 
a large pneumothorax or an oleothorax would not produce the same 
effect. It is with this that we shall now deal. 
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n out fust senes twenty-six puppies were used. In all except two, 

V of ° jI P c f P° l,nd of h ™b' "-eight was used for compression, 
n the great majority of the animals we used olive oil sterilized by 
simple boiling. As shown in table 1, in seven animals there developed 
an effusion m the pleural cavity associated with necrosis of the thyroid 
gland. 1 he two conditions appeared to go hand in hand. In none of 



Fig. 2. — A, a roentgenogram showing iodized poppy -seed oil injected into the 
trachea of a normal dog. (Note its penetration to the periphery of the lung.) B, a 
roentgenogram showing massive compression of the same lung by the injection 
of 30 cc. of air per pound of body weight. This caused little distress in the dogs. 
Note the poppy-seed oil extending to the very periphery of the lung. 


the animals in which the lungs were compressed for a period of one 
week did the thyroid gland revert to the colloid state. In three animals 
the thyroid gland reverted to a more colloid state after two weeks of 
compression ; in five it showed no change ; in one there developed hyper- 
plasia associated with an infection, and in five there was necrosis associ- 
ated with an effusion. The lungs of five animals were compressed for 
a period of three weeks ; in two the thyroid gland became more collou , 
and in three it showed no change. 

We were interested to know what part of the lung was compresses 
most by pneumothorax. Figure 2 A is a roentgenogram of a dog ta 'cn 
after the intratracheal injection of iodized poppy-seed oil 40 per cen 
Thirty cubic centimeters of air per pound of body weight was Hen 
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I’t^ivr 0 u h ;,\rr’ 

-J 

several clogs. The pro { ni hotly wnght. 

SS' to injected as before (the rocUgcnn- 
..rams in tiure 3.4 and B show the results in two dogs). n no case 
did the iodized poppy-seed oil penetrate to the periphery. t 
therefore, that it is the terminal portion of the bronchia t u 
is collapsed most by pneumothorax. 



Fig. 3. — In this animal a bilateral collapse was effected before poppy-seed oil 
was injected. In A, note the failure of the poppv-sccd oil to penetrate to the 
periphery of the lung. This indicates that the terminal bronchioles arc com- 
pressed and possibly obliterated in massive pneumothorax. B. also shows the 
failure of the poppy-seed oil to penetrate to the periphery. 


Table 2. — Results of Pneumothorax in Adult Dat/s and a Cat 


Amount Hyp?r* 

, . of Air More plusin KfTii-lon 

Animal Duration of Introduced, More Colloid X'o and and Section 

Xo. Compression Cc. Colloid Doubtful Chunve Infection X'ccro«!s Dost 

10 14 to 21 days 30 0 0 10 0 0 0 


In two dogs the compression was allowed to persist lor eighty-two 
days; no change in the thyroid gland was found. 

Next we used ten adult dogs and one adult cat. Compression was 
accomplished by using 30 cc. of liquid petrolatum per pound of body 
weight. The oil was sterilized by boiling. In none of the animals did 
pleural effusion occur. We are of the opinion that olive oil must be 
sterilized at a constant temperature to avoid the production of effusion, 
n none of the animals was there a change in the thyroid gland (table 2). 
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Our next series consisted of twenty-six kittens. As we have already 
S low 11. the thyroid glands of these animals are more hyperplastic than 
«u e those of puppies. In seventeen animals oleothorax was produced 
(30 cc. of oil per pound of body weight), and this was maintained for 
one week. At the end of that period the thyroid glands of four animals 
showed more colloid content, and that of another probably contained 
111010 colloid. In eight there was no change in the gland, and in four, 
eitliei the first or the second section was lost, making comparison 
impossible. 


I lie lungs of nine kittens were compressed for a period of two 
weeks, ihe results in these animals were much more positive. In 
six the thyroid gland showed definite reversion to a colloid type and 
one was doubtfully colloid. One showed no change, and in one the 
section was lost. It will therefore be noted that in seven of eight 
kittens, compression of the lungs appeared to produce a deposit of 
colloid in the thyroid. 


COMMENT 

In carrying out the work we observed that these animals tended to 
lose weight in spite of the fact that they were less active. The fact 
that they were less active automatically produces a lessened metabolism 
and a storage of colloid. On the other hand, the respiratory rate was 
definitely increased, which means an increase in the energy expended, an 
increase in the metabolism and a consequent decrease in the colloid. It is 
possible that these two factors counterbalance one another. 

As in our experiments on tracheal compression, 10 adult animals 
showed no response, the thyroid being naturally colloid and very stable. 
Nine of the puppies were ruled out on account of effusions, infection 
and lost sections. Of the sixteen remaining animals, the thyroid glands 
of approximately 33 per cent showed a deposition of an increased 
amount of colloid. This is only suggestive. 

In kittens, which we have already shown to be moie susceptible to 
stimuli, 10 the results were more positive. Figure 4 is a photomicrograph 
showing the change in the texture of the thyroid after compression o 
the lungs by oleothorax. The lungs of seventeen animals were com 
pressed for one week. Four of these animals were eliminated ro 
consideration owing to the loss of sections. Of the remaining thirteen, 
in five the thyroid gland became more colloid after compression o ,c 
lung. In animals the lungs of which were compressed for two wee<s 
however, seven of eight for which the results are acce, liable shouer 

colloid reversion of the thyroid. 




Fig. 4. — A, a photomicrograph of the thyroid gland of a kitten before oleo- 
thorax. B, a photomicrograph of the same thyroid gland two weeks after com- 
pression. Note the increase in the number of acini filled with colloid and also 
the increase in the size of the acini. 
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The result obtained in eaeh instance is indicated by 4 -. 
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SUMMARY 

Pneumothorax or oleothorax was produced in sixty-four animals. 

It appears that the periphery of the lung is compressed to a greater 
extent by these procedures. 

Pneumothorax and oleothorax have no apparent effect on the thyroid 
gland of adult animals. 

Pleural effusions in our experimental animals were practically always 
associated with necrosis of the thyroid epithelium. 

In puppies, compression of the lung produced reversion to the col- 
loid state in the thyroid in 31.2 per cent of the animals. 

In kittens the same degree of compression based on body weight 
produced reversion of the thyroid to the colloid state in 57.1 per cent. 
In eight kittens the lungs were compressed for two weeks, and the 
percentage showing colloid reversion of the thyroid rose to S7 .4. 
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Primary sarcoma of the duodenum is an extremely rare disease-, as 
evidenced by the fact that a careful review of the literature reveals only 
sixtv-one authentic cases. That further study of this infrequent condi- 
tion may be encouraged, we have collected data on all of the cases pri- 
viouslv described and have added the observations on one of out own. 

Only cases in which it was definitely stated that the tumor was of the 
duodenum were considered; although numerous sarcomas of the small 
intestine have been reported, the authors unfortunately failed to mention 
the exact location of the growth. Cases in which a metastatic involve- 
ment of the duodenum was present were not considered : cases of this 
sort are not so infrequent as one might think. 

Sarcoma of the duodenum, like sarcoma elsewhere in the intestinal 
tract, is most commonly of the round cell variety, although spindle cell 
sarcoma, myosarcoma and melanosarcoma have occurred. In contradis- 
tinction to carcinoma, sarcoma of the intestine originates in the suh- 
mucosa or muscularis and grows longitudinally, infiltrating the intestinal 
wall to such an extent that it is transformed into a rigid, nonyielding 
tube. Surprisingly, the lumen is encroached on rarely to a degree suffi- 
cient to cause obstruction. For this reason it is uncommon to find 
obstructive symptoms before the tumor attains an enormous size. Sar- 
comas do not show areas of ulceration so rapidly as do carcinomas. 
Unlike carcinoma, sarcoma of the duodenum is encountered almost as 
frequently in women as in men, and the persons afflicted are much 


younger. 

Sarcomas grow to an enormous size; the average weight reported 
in the literature for these growths in the duodenum is 500 Gm The 
gross appearance is usually that of a smooth, grav, cviindric mass 
beginning and ending rather abruptly and covered bv normal serosa 
However, the tumor may consist of a polypoid mass extending into the 
lumen of the bowel. This form, although common in other portion- 
of the intestinal tract, is extremely rare in the duodenum. 


From the Surgical Service of the Denver General Hospital. 
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Jn IiS77 .Alexander reported the first case of sarcoma of the duo- 
denum. In addition to this case we have been able to collect sixty-one 


Cases of Sarcoma of the Duodenum in the Literature 
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* Exact references for these reports will be fonntl in the bibliographs 


other cases and to classify a large percentage of them as t _ 
sex of the patient and the type of growth, despite tie : m. 
encountered because of the incompleteness of the recoic^ ^ ie ( | n0 . 

Contrary to the general belief that malignant con < 1 * of t |, c 

denum are seen more commonly in men than in women, . < 



prey et a l.-sarcoma or nrannsru 


Un 


duotomm were lotmrl lo be about evenly .livntal between tbe «;N« ; 
In the fiftv cases in the report of which the sex was stated tuuU> -six «> 
fc2s were mate, anti twenty-fonr. female. It ,s dearly .lento,,, 
stated even in such a small series that the sen nt the pattent ts "■ 
value as an aid to the diagnosis of this condition. 

It is accepted that in younger persons sarcoma occurs more tre- 
quentlv than does carcinoma, and this is emphasized most strikingly by 
the cases of duodenal sarcoma. In forty-eight instances the age wm 
mentioned, and the average was 38 years, dins is considerably 
than the average age in a similar series of cases of carcinoma. he 
oldest patient in the group was 81 years of age. while the youngest 
patients were two girls, each 11 years old. Interestingly, only live sar- 
comas of the duodenum have occurred in patients over <>'). while eighteen, 
or approximately one third of the total number reported, have occurred 
in patients under 25. 

In only forty-seven reports was the histologic picture described suffi- 
ciently for the proper classification of the type of sarcoma. As expected, 
lvmphosarcoma was most frequently encountered, occurring thirty-live 
times, while spindle cell sarcoma occurred five times, myosarcoma font- 
times, mdanosarcoma three times, and myxosarcoma once. 

In the case that we shall report the growth belonged to the most 
common group, namely, primary lymphosarcomas of the duodenum. 


REPORT OP CASE 


History. — J. G., aged 48, a laborer, was admitted to the Denver General Hos- 
pital on March 13, 1933, with persistent and progressive nausea and vomiting of 
three and one-halt months' duration. The vomiting had increased until at the 
time of admission he vomited practically everything that was eaten. Previous to 
three and one-half months before entrance he had no symptoms of gastro- 
intestinal derangement and considered himself to be in perfect health. One month 
prior to his entry to the hospital he became conscious of a mass in the upper 
part of the abdomen, which was not tender and from which he suffered no discom- 
fort. He had lost 20 pounds (9.1 Kg.) in weight during this period and had 
noticed a marked decrease in strength. There had never been any hematemesis 
or jaundice. There had been varying degrees of constipation hut no diarrhea 
The stools were light yellow; they had never been tarry. There was nothing in 
the patients history or the family history which had any bearing on the illness. 


ExammUon .— The patient was an anemic and undernourished man, aged 4 
years. The skin appeared sallow; it was cold and moist, but there was no cvidcnc 
of an icteric tinge. The pulse rate was 10 0, and the blood pressure was 11, 
systolic and 80 diastolic; the temperature was 99 F. Oral examination sliowc 
canes of the teeth and embedded tonsils. The heart was of normal size tl, 
sounds were of good quality and there were no murmurs Examina in, f 

lungs revealed no obvious pathologic condition The abdnm , ' , , ’ 

»t. a„d comained , „ lp , ble aWe tA Jbd c„“:S 1“ T?"'' “ 
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Fig, 1. — Roentgenogram of a sarcoma of the duodenum, demonstrating the 
deformity of the greater curvature of the stomach and the dilatation of the first 
portion of the duodenum as a result of the pressure by the tumor. 
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appeared to be about the size ot a ® ra | j spleen were not palpable. i b< 

transmitted through this mass. Hk "ter 
extremities were normal. 



Fig. 3. — Macroscopic vie* o( the .peem.c. .bowing . !>'««' '< ■>“ 
and duodenum above .be unnor. Par. n( the ,»«,.=>. a, well n< thn nomtal 

jejunum, can be seen. 



Fig. 4. — Macroscopic view of the opened specimen. Tbe arrows point to the 
beginning and tbe end of the tumor. 

The blood count was as follows: hemoglobin, 70 per cent; erythrocytes, 
3,250,000 per cubic centimeter, and leukocytes, 13,400, consisting of 26 per cent 
lymphocytes and 74 per cent polymorphonuclears. 
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dilated ' p '' lor “ s was formal, and the duodenal cap was 

“ s ‘ ,or ’“ al apparently as a result of an obstruction 



Fig. 5. — Microscopic section of the tumor, showing round cells of fairly uniform 
size, occasional giant cells and many mitotic figures. 


in the second portion of the duodenum. The six hour examination (fig. 2) revealed 
a slight residue of the barium meal in the stomach, with small amounts of the 
opaque medium distributed through the alimentary tract. 

Operation and Course.— On March 17, 1933, operation was performed by one 
of us (D. P.), which disclosed a hard tumor involving the second and third p or 
tions of the duodenum, slightly movable and about the size of a large grapefruit- 
The mass was grayish and cylindric and ended abruptly at the duodcuojejuna 
juncture. The mass could not be freed from the pancreas posteriorly, and became 
of its size and situation it was irremovable. There was some enlargement o t ic 
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The patient made an uneventful operative recovery and Ined until .\\ - ■ 

•hitobsv. — Postmortem examination periormed hy one of m (W. !>■' «'»' "» 
necessity Restricted to the abdominal cavity, and the report was as t.dlovvs; In 
the upper part of the abdomen, in the region of the duodenum and pam reav. v..o 
a lar^e, firm, grayish mass, measuring 16 cm. from the right to the left and la 
cm from above downward, and having a maximum depth of K cm. Included m 
the removed mass were 10 cm. of the antrum of the stomach, the duodenum, the 
pancreas and a few centimeters of the jejunum. The total weight of the mass 


was' 695 Grn. 

Nine centimeters below the pylorus, indicated by the larger of the two arrows 
in figure 4. there was a complete transformation of the duodenal wall. At this 
point 0 it became thickened, gray and firm. The horizontal limb of the duodenum 
ran straight across the midline in a rigid, tubelike fashion. When the duodenum 
was opened through this area, the walls were found to vary from 1 to 2.5 cm. in 
thickness, but they retained the same uniform color and consistency. The tumor 
ended more or less abruptly at about the duodenojejunal junction, and the normal 
jejunum beyond this point was easily invaginated with the finger into the rigid 
duodenum. The duodenum above the tumor was not appreciably dilated. 

When the mass was cut so as to bisect the duodenum in the vertical plane, the 
lumen, though reduced in caliber, was fairly uniform in size. Although the tumor- 
infiltrated wall of the duodenum above was easily outlined, it tended to merge 
with the tumor, which had involved the head of the pancreas, producing distortion 
and thickening. Near the middle of the horizontal limb of the duodenum was a 
diverticulum into the tumor tissue, about .4 cm. in width and from 1,5 to 2 cm. 
in depth. There were also several small areas of softening. The mesenteric 
vessels passed through the tumor anteriorly. No visceral metnstases were noted. 

Microscopic examination showed a sarcomatous type of new growth with 
roundish cells of fairly uniform size, occasional giant cells and many mitotic 
figures. All of the coats of the duodenal wall were infiltrated, and in areas degen- 
eration was in evidence. 

A diagnosis of sarcoma of the duodenum (lymphosarcoma) was made. 


COMMENT 

This case is of particular interest because it marks, so far as we were 
able to ascertain after a careful review of the literature, the sixty-second 
occurrence of primary sarcoma of the duodenum. Although our case 
was fairly typical of similar cases recorded, we were fortunately able 
to perform certain clinical and laboratory tests, thus permitting a more 
complete record than is usually possible under similar circumstances. 

No patient has been reported as cured either as a result of the surgi- 
cal removal ot the growth or as a result of roentgen treatment, although 
t he latter is perhaps of value when used as a palliative measure. ' 
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EXPERIMENTAL PULMONARY EMUOLISM ASS.H-IATK1. 
WITH VENOCLYSIS 


M ERVIN J. REMOLD. M.D. 

KANSAS CtTV, KAN. 


Since the World War there has been an increased popularity "i the 
continuous intravenous injection of drugs and fluids, and. coincidentally, 
there has been a rise in the incidence of pulmonary embolism. I Hiring 
the last three or four years the medical journals have contained much 
concerning the value of continuous venoclysis. but little has been written 
of its dangers. Recently I have noted an association of pulmonary 
complications with continuous venoclysis in some of my patients. It is 
my purpose to present experimental evidence showing the direct rela- 
tionship between pulmonary embolism and venoclysis. Xo experimental 
work on this subject has been noted in the literature. 

Michaelis, 1 in 1910, was the first to suggest that dcatlt resulting 
from the administration of arsphenamine was due to precipitates in the 
blood after the injection of the drug. Shivers.'*' in 1933. collected 
twenty-two cases of pulmonary embolism following the injection ol 
sclerosing substances intravenously for the obliteration of varicose 
veins ; seventeen of the twenty-one patients died. Bstcli and Tcich- 
mann 3 reported three cases of lung emboli associated with the treatment 
of varicose veins of the leg by injection. They stated that thrombosis 
and embolism are not extremely rare in the treatment of varicose veins, 
and requested that more reports be made in order that a true picture 
of the complication might be gained and statistics compiled. 

Orator and Schleusing 4 recorded a case which at autopsy revealed 
pulmonary emboli following the continuous injection of dextrose solu- 
tion through the median basilic vein in the left cubital fossa. The 
median basilic vein contained an organizing thrombus, and the authors 
expressed the belief that this served as an origin of the emboli. Thcv 
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1. Michaelis, L.: Die Ehrlich-Hata Behandlung in der intieren Medizin 
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2. Shivers, G C.: Pulmonary Embolism from Avsenicals Injected Intra- 

(”) y i933 g§eSted f ° r PreVCnti0n ’ Arck Dermat - & Syph. 27:901 
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believed that thrombi form at the site of entrance of the cannula and 
-u c due to the irritation of the wall of the vessel produced by the can- 
, . 1 hcy aIs ° notcd lhat there are many reports of others who have 

. °! . no thrombl or eniboli at autopsy in cases in which continuous 
m usions were used, but they expressed the opinion that evidences 
would he found if a more thorough search were made. In spite of the 
danger noted, they advised the use of infusions in cases in which quick 
idief is called for, but recommended as a precautionary measure that 
the arm he immobilized by fixation to a splint. They also stated that 
the gcticial use of continuous venoefysis in all cases should be discour- 
aged and that the procedure should be used only when other methods 
fail. 

Friedrich and Buchaly 5 have described two cases of pulmonary 
embolism following continuous venoclysis. 

One case they reported was that of a man, 58 years of age, who had been oper- 
ated on for carcinoma of the stomach. The intravenous administration of dextrose 
was started, and the solution was allowed to flow into the median basilic vein 
for two days, when suddenly the patient became dyspneic. He made a temporary 
recovery but the following day had two similar attacks and died. At autopsy, 
multiple pulmonary thrombi were found, and the histologic examination of the 
vein which was used for the venoclysis revealed a thickened wall with numerous 
leukocytes throughout. Attached to the intima of the vein was an organizing 
thrombus. No bacteria were found. The authors stated that the thrombus was due 
to mechanical injuries to the wall of the vessel. 

Friedrich and Buchaly suggested : that infusions be given over 
shorter periods of time; that the site of injection be changed frequently; 
that the solutions, as nearly as possible, be the same in composition and 
specific gravity as the blood, and, last, that this type of therapy be used 
only when strongly indicated. Strauss 0 wrote that complications of 
the vascular system following the use of continuous infusions have 
increased with the wider use of this method. “Venous thrombosis and 
thrombophlebitis have increased in spite of the assumption by mam 
that continuous intravenous therapy is harmless.” He reported the case 
of a patient who underwent an operation for disease of the gallbladder 
and died suddenly after having received continuous venoclysis for we 
days postoperative])'. A thrombus, 6 cm. long and 1.2 cm. t uc ', ' 
found in the pulmonary artery. The veins of the lower ex rcn11 
were free from thrombi. A thrombus was found extending up 
axillary vein from the site of the injection. Many Ieukocy es ' 
deep in the wall of the vessel. Strauss expressed the belief tha . the 
pulmonary embolism was undoubtedly due to the eoutmuous ».ta,nn 
'and warned against its use. 

I^rich, H, and Buchaly, J. F. : 1st 
mit Gefahren verbunden? Zentralbl. f. Chir. 59 ; 131 J -J 6) . 5scr pnucr- 

6. Strauss, Ludwig: 

tropfinfusion, Zentralbl. f. Chir. 59:909 (April 2) 193- 
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Pulmonarv embolism in ibis study has been considered the m.dm- 
tasis of suspended dotted elements of the blood by veav >'w 
side of the heart to the lesser circulation, with unpactmn m the l»d- 
tnonarv arterv. Of the various embolic possibilities. 1 am limilini; nij 
report to thrombi arising from the venous side of the eitenlatton assoeo 
ated with continuous venoclysis. 

In the experimental work, six series of dogs were used for the study 
ol pulmonary embolism associated with t enocU sis. 

Tabix 1 (Series 1)— Observations on Dogs Which 1! ere Restrained and Gum: 

Morphine and Received 10 per Cent Solution of Dextrose tu I'hysodogtc 
Solution of Sodium Chloride by Continuous I ’euoclysts 'through 
a Cannula Inserted in the Saphenous I rin 


Observation* 


Xo. of Duration of 
Dog Life, Days 

1 10 

2 13 


Vein at Site ol the Cannula 

Organising thrombus 
Organizing thrombus 


1 .lint's 

rnlmonary Infarct* ntt<l thrombi 
I’nlmonnry Infarct* nml tiitutn' I 


Table 2 ( Series 2). — Observations on Dogs Partially Restrained and Gwen JO 
per Cciif Solution of Dextrose in Physiologic Solution oj Sodium Chloride 
by Continuous Venoclysis Through a Cannula Inserted in 
One Jugular V etii 


Observation' 

Xo. of Duration of , * 


Dog 

Life, Days 

Vein at Site of the Cannula 

Lung- 

1 

13 - 

Organizing thrombus 

rnlmonary infarcts; no thrombi 

2 

IS 

Organizing thrombus 

Pulmonary Infarct' uiuf thrombi 

3 

G 

Organizing thrombus 

Pulmonary Infarcts nml thrombi 

4 

1G 

Organizing thrombus 

Pulmonary Infarcts ami thrombi 

5 

12 

Organizing thrombus 

Pulmonary Infarcts; no thrombi 

6 

10 

Organizing thrombus 

Pnlmonary Infarcts nml thrombi 


EXPERIMENTAL PROCEDURE 


Series 1 (table 1) consisted of two dogs, which were restrained on a table. 
One hindleg of each dog was shaved and surgically prepared. The saphenous vein 
was exposed, and a ureteral catheter was inserted and securely anchored within 
the lumen. A 10 per cent solution of dextrose in physiologic solution of sodium 
ch oride was allowed to drip slowly and continuously through the catheter at the 
rate of frotn 10 to 12 drops a minute. The apparatus for venoclysis resembled 
in etery respect the type used in giving patients continuous infusions. Considerable 

" keepbg the d ° gS quiet Mo * was given in 
A . gram (16.2 mg.) doses every two hours. The dogs were watched dav and 
night by an attendant who checked the flow of the solutions every hour ' 

•or senes 2 (table 2), which consisted of six dogs, individual wire ca-es with 
floors of wire netting were employed. Each animal was » ■ , ! 

■ « — - ■ — a":: rrsi 
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a f (lie cage (fig. 1). The clogs were allowed a small range of motion and could 
even stand erect without interfering with the experiment. Morphine was not 
administered. For the cannula I used a no. 12F soft rubber catheter, with the tip 
cut obliquely. A rubber guard, measuring 1 cm. in length, was cut from a 
n n. 1-1F soft rubber catheter. The no. 22 catheter was threaded through the lumen 
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catheter) into the jugular vein. 

of the guard so that the guard ^aslocatcclZ alld with the 

. ,- n j) The neck of each dog uas su g external jugular 

“r teia * 

vein. The *>. 12 soft catheter came in »"<»« »»" 

lumen of the vein for a chstance of 2 cm. so 
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the opening in the vein. The cannula wx.s anchored purely hy a 
the vein and a cannula on each side ot the gtinn (inM.r t ' • • 

incision was closed with sterile catgut and a wule ptcce ot sterile ndlu m ■ 
was applied around the neck over the incision, almost completely mrnym n, 
the tube ot the cannula (insert in fig. 1). U«le d.My was cncmiutcml . 
keeping the dogs quiet and the solutions flowing treely. The flow »1 the .-In . 
was checked approximately every honr by an attendant, who stayed with the 
day and night. No food or water was gtven by mouth. A 10 per cent solution 
of dextrose in phvsiologic solution ot sodium chloride was permitted M drip 
slowly and continuously through the cannula at the rate of from 10 to 1? drops a 

minute. ... . 

Series 3 (table 3), which consisted of three dogs, received physiologic solution 

of sodium chloride by venodysis. The method used was identical with that med 


Table 3 ( Scries 3). — Observations on Dons Partially Restrained and (liver, U> 
per Cent Solution of Dextrose by Continuous I'enoelysis 7 hrotujh a 
Camnifn Inserted in One Jugular I Yin 


Observation- 

Xo. of Duration of , A — - 

Dog Life, Days Vein at .Site of tile Cannula Lung- 

1 )0 Organizing thrombus Pulmonary Infarct*. nmt thrcmit'l 

2 12 ti Organizing thrombus Ptilimmary Infurvt- nti<l tliroiutil 

:1 S Organizing thrombus Fnlmnnary !nJaict« amt thromhl 


Table 4 ( Series 4). — Observations on Dons Partially Restrained and Given 
Physiologic Solution of Sodium Chloride by Continuous I’enoelysis 
Through a Cannula Inserted in One Jugular J’eiu 


Observation' 

Xo. of Duration of , s 

Dog Life, Days Vein at Site of the Cannula Lungs 

l 14 Organizing thrombus Pulmonary infarcts amt thrombi 

- to Organizing thrombus Pulmonnry infarcts: no thrombi 

3 10 Organizing thrombus Pulmonary infarcts an<l thrmiiht 


for the dogs of series 2. The object of the experiment was to determine if an iso- 
tonic solution of sodium chloride showed any difference in the production of 
thrombi and emboli, as compared with a solution of dextrose or with a combination 
of dextrose and physiologic solution of sodium chloride. 

Series 4 (table 4). which consisted of three dogs, received a 10 per cent solution 
ot dextrose m distilled water by venodysis. The method emploved was identical 
with that used for series 2. The results of this experiment were to be compared 
with those obtained on series 3. 

Series 5 (table 5) consisted of three dogs. The experiment was planned to 
determine uhat effect the mere presence of a cannula lodged in the vein had in 
the production of thrombosis and pulmonary- emboli and whether one type of can 

catgut, and sterile dressings were applied over the incisions. ' H 
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Scries 6 (table 6} consisted of two dogs. The experiment was planned to 
determine the effect produced on the Jungs of normal dogs when blood clots were 
released ,,, the venous side of the circulation. With the animal under light ether 
surii'T"':" 0 ° <! 'cextcrnal jugular veins was exposed. A glass cannula, mea- 
; , k 6 C ’• 1,1 !cnglh 11,1(1 °' S cni - 111 diameter, was inserted into the jugular vein 
and was securely anchored. A syringe containing physiologic solution of sodium 
chloride was attached to the open end of the cannula. Blood was allowed to fill 
and clot m the cannula for one-half hour. After the blood had clotted it was 
torccd back into the circulation by pressure from the attached syringe. The incision 
was closed with aseptic technic. The dogs were killed at the end of six and eight 
days. 

PROTOCOLS 

Series 1. Doc 1. — A white female dog, which weighed 9.1 Kg. before the 
experiment, died in ten days. 


T .aiii.e 5 (Senes 5 ). — Observations on Dogs in Each of Which One of flic 
Commonly Used Cannulas Was Inserted into the Lumen of 
the External Jugular Vein 


Observations 

so. of Duration of , «- — 

Dog Cannula Life, Days Vein at Site of Cannula Lungs 


1 Steel S Organizing thrombus Pulmonary infarcts and thrombi 

2 Gold 10 Organizing thrombus Pulmonary infarcts and thrombi 

3 Rubber 10 Organizing thrombus Pulmonary infarcts and thrombi 


Table 6 ( Scries 6). — Observations on Dogs Having Apparently Normal Lungs 
in Which Well Formed Clots Were Released into One Jugular Vein 


No. of No. of Days 

Dog Before Killed 

1 6 

2 S 


Observations on the Lungs 

Pulmonary thrombi; no infarcts 
Pulmonary thrombi; no infarcts 


At autopsy the weight of the dog was 8.2 Kg. Emaciation was very marked. 
An examination of the saphenous vein at the site of the injection of the solution 
revealed a small quantity of free pus. The tissue surrounding the vein was 
edematous. The wall of the vein was thickened, and the lumen was partially 
occluded by an attached thrombus which extended distal from the tip of the can 
nula. The right lung weighed 86 Gm., and the left lung, 72 Gm. The lungs were 
moderately crepitant except for a few firm, triangular, hemorrhagic infarcts \\ nc i 
had their bases directed peripherally. The lower lobes were edematous an rm. 

Microscopic examination of the saphenous vein revealed an attached organizing 
thrombus. The wall of the vein was thickened, and throughout the wall were 
numerous polymorphonuclear leukocytes. Foci of leukocytes were seen throng ion 
the areolar tissue surrounding this vein. Sections of the lungs showee tj I nc 
hemorrhagic infarcts. The framework of the lungs was edematous am t uc 'c 

No pneumonia was noted. . , 

The diagnosis was : acute phlebitis and thrombosis of the saphenous a 

monary infarcts and pulmonary edema. 

Doc 2.— A spotted male dog, which weighed 10.4 Kg. before the cxperimcn , 

lived for thirteen days. 
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x. autopsv the dog weighed 9.1 Kg. Emaciation was pronounced. A» 
ination of the saphenous vein at the site of the insertion of the rnnmda shmud 
some free pns in the wound. The perivascular tissue surromulmc the «>« «.»' 
edematous and the wall of the vein was thickened. Attached to the wall «-f the 
vein and partially occluding the lumen was a thrombus, the nght lung weighed 
UO Gut. and the left lung. 90 Gm. Both lungs appeared t» be edematous. 
Numerous dark red areas were noted over the pleural sur.aces. Section through 
the red areas showed typical triangular hemorrhagic intarcK 

Microscopic section of the saphenous vein revealed an attached onrntii/mg 
thrombus located distal to the tip of the cannula. The wall of the vein wa- 
definitelv thickened and infiltrated with many polymorphonuclear leukocytes. 1 he 
lungs revealed multiple hemorrhagic infarcts and thrombi in some of the pul- 
monary vessels. Many of the bronchi and some of the alveoli contained poly- 
morphonuclear leukocytes. In some places the bronchial mucosa had kxti broken 
down, and the fragmented epithelium was seen in the lumen of the bronchi. 

The diagnosis was : acute phlebitis and thrombosis of the saphenous vein, hem- 
orrhagic pulmonary infarcts and bronchopneumonia. 



Fig. 2.— A drawing showing extensive thrombosis of the external jugular vein 
of a dog which had received a solution of dextrose in physiologic solution of 
sodium chloride by continuous venoclvsis for eighteen days. In this and the suc- 
ceeding illustrations T indicates the thrombus, V, the wall of the vessel, and C, the 
catheter. 


Senes 2.— Dog I.— A brown male dog, which weighed 10.4 Kg. before the 
experiment, died after eighteen days. 

At autopsy the dog weighed 9 Kg. An examination of the site of the injection 
of the solution revealed definite evidence of infection. Free pus was seen around 
he external jugular vein m the region of the cannula. The perivascular tissue 
a so showed considerable induration. The lumen was partiallv occluded bv an 
at acncd Wood clot which extended distal from the tip of the cannula (fi« on 

»u n « ? „ £ " cre,,i “ ?*» ,h “ 

■"<»'«* “ a ' ,m,sh "» '“" bs 
Microscopic section of the external jugular vein hist rth^t ♦ „ ,• r 

cannula showed an organiaing thrombus attached to the inhma (fi! 3) Tt 

- T was ede ™ tous - 

Microscopic section of the lung 
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filaments of fungus Some of tlw I i- merotIS i chow-staining segmented 
milled „„ s ■ A fC " ° r " ,C alra>1 ' SIIr rouiiding the mfe*d bronchi c.„- 

jitsulai voia" mulUnlc ml"' 311,1 a " or ®"'“»6 llirombns of the enema! 

me <f , Z „ i n P 7 “ ,(arcl! a " d " ,roml “e ”)■'»* infelrn of ,1,, 

Itttigs ( timgns ) and beginning bronchopneumonia. 

t JZr^ Ck fCma,C d0& Which Weighed 10 K * before tbe experiment, 

At autopsy the dog weighed 9.6 Kg. An examination of the tissue at the site 
o the injection of the solution showed no free pus. The perivascular tissue ground 
tnc external jugular vein was thickened and was partially occluding the lumen. 



Fig. 3. — A photomicrograph of the external j'ugular vein of a dog taken just 
distal to the tip of the cannula through which a 10 per cent solution of dextrose 
in physiologic solution of sodium chloride had been introduced for eighteen days. 
Note the attached thrombus and the acute inflammatory reaction throughout the 
wall of the vein. L indicates polymorphonuclear leukocytes. 


Extending distal to the tip of the cannula was a thrombus. The tight hum 
weighed 88 Gm., and the left lung, 82 Gm. The lungs were nodular, and the 
pleural surface was red and mottled. The lungs were extremely moist. A section 
through the nodules showed typical irregular pulmonary infarcts. A section 
through one infarct showed a thrombus in one of the pulmonary vessels. 

Microscopic section through the wall of the external jugular vein just iista 
to the tip of the cannula revealed an organizing thrombus which partially oedutw 
the lumen of the vein. There was considerable thickening of the wa o n 
vein and the areolar tissue surrounding the vein. Many polymorphonuc car eu <> 
cytes were seen throughout the wall. The lungs showed multiple hcmorrteR 
infarcts, and some of the vessels contained thrombi (fig. 4) Some of ic . 
showed a breaking down of the mucosa, and in a few of the bronchi po . 
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cent to the infected bronchi. . hr , ml h„. m tin- external 
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^iL 3— V white female dog. which weighed 7.7 Kg. henwe the 

i *■ *■ vrfr ifjz* 

to the wall and extending distal to the tip of the cannula was a thnonhn . 1 c 

“ s i« 1 « >vci 2 h.d 75 Gut. stud tt« left Inns. « G,„. ltatl, tans, « «*)»>»» 



Fig. 4. — A photomicrograph of a portion of the lung of a dog which had 
received a 10 per cent solution of dextrose in physiologic solution of sodium chlo- 
ride by venoclysis for six days. Note the thrombus lodged within the pulmonary 
artery and the surrounding pulmonary infarct. 


except for firm nodular areas. A section through the nodules showed numerous 
hemorrhagic infarcts, some of which were triangular and had their bases directed 
peripherally. 

Microscopic section through the wall of the external jugular vein just distal 
to the tip of the cannula revealed an attached organizing thrombus, which par- 
tially occluded the lumen of the vessel. There was considerable thickening of the 
wall of the vein and the areolar tissue surrounding the vein. Manv polvmorpho- 
nuclear leukocytes were seen throughout the wall. Microscopic sections of the 
lungs showed multiple pulmonary infarcts, and some of the vessels were occluded 
wnh thrombi. A few of the bronchi and adjacent alveoli were filled with pus 
cells. The framework of the lungs was edematous, the vessels were congested 
arm many of them contained pus cells. 1 
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The diagnosis was : acute phlebitis and thrombosis of the external jugular vein 
with partial occlusion, multiple pulmonary infarcts and thrombi and beginning 
bronchopneumonia. 

Doc; 4. — This dog, which weighed 10.4 Kg. before the experiment, died after 
twelve days. 

At autopsy the weight of the dog was 9.2 Kg. Examination of the operative 
site in the region of the injection revealed no gross evidence of infection. The 
tissue surrounding the vein was edematous and indurated. The wall of the vein 
was thickened. Attached to the intima and extending distal to the tip of the 
cannula was a thrombus. The right lung weighed 105 Gm., and the left lung, 
90 Gm. The lungs were moderately crepitant except for a few nodular areas 
which on cross-section revealed hemorrhagic infarcts, a few of which were tri- 
angular. 

Microscopic section of the external jugular vein just distal to the tip of the 
cannula revealed a thickening of the wall, and attached to the intima was an organ- 
izing thrombus. Infiltrated throughout the wall were numerous polymorphonuclear 
leukocytes. Microscopic examination of the lungs revealed hemorrhagic infarcts 
and thrombi. Here and there were patchy areas in which pus cells filled the 
bronchi and adjacent alveoli. The framework of the lungs was very edematous. 

The diagnosis was : acute phlebitis and thrombosis of the external jugular vem 
with partial occlusion, multiple pulmonary infarcts and thrombi and broncho- 


pneumonia. 

Don 5.— A brown male dog, which weighed 10.9 Kg. before the experimen , 

died at the end of ten days. i„ieetion 

At autopsy the weight was 9.6 Kg. An examination at the site o : the inje^, 

revealed no evidence of infection. The perivascular tissue surroun mg . 
jugular vein was cdonatons and induced. The wall of ^ ^ .hrehened, 

and attached to the wall and extending distal to the Op 93 Gm- 

thrombus which partially occluded the lumen. The right tg g for som e 

and the left lung, 85 Gm. Both lungs were moderately crepitant exc p 
nodular areas which on cross-section showed multiple bmorjhag ^ ^ ^ at 
Microscopic sections of the external jugular vel J . an d attached to 

which the cannula was inserted revealed a flue of* did he lumen of the 
the wall was an organizing thrombus which part ^rnor^on^r 
vein (fig. 5). Throughout the wall of the ^”^ Ve ^ owe( j nume rous hemorrhagic 
leukocytes. Microscopic sections o “ vessels The framework of 

infarcts, but no thrombi were seen in the pulmo ^ were numerous 

the lung was edematous, and scattered thr ° ug alve oli were filled with pus 

irregular patches in which the bronchi and adjacent aheoi 

“"rhe diagnosis was.- aente ph,ebi«is and 

with partial occlusion, ntul.iplc putaonary tnfarcts an e »» « P „ 

Doc 6,-A female collie, which weighed 11.4 Kg. before the expe 

in twelve days. _ examination of the tissue surrounding 

At autopsy the weight was 10.6 g- _ - revealed no evidence of infection, 

the vein in which the cannula had been > nserte The wa ll of the vein was 

The perivascular tissue was thickened and ndura ^ ^ ^ of ll)C cannula 

thickened, and attached to the wall and extend, g d right lung weighed 

was a fragile clot which partially ocM * ™ odu]ar M d edematous. Sec- 
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the cannula revealed a tlncUnc w. and artia Hy occluding the lumen wa- 

nuclear leukocytes. Attached to ‘ ; f ,( 1C hunts revealed mttlliph- 

an organizing thrombus ^ro^c c— « ^ ^1 . , lf |mrll . 

pulmonary thrombi with suggestive pulmonary 

monia was noted. . • ,1 ..vienril imtular vein 

The diagnosis was: acute phlebitis and thrombosis o. the e.Mern.n ,« . 

and multiple pulmonary thrombi. . . . , 

Series 3 ._Dog l.-A spotted black and white female dog, which neiglu 

Ice before the experiment, died at the end of ten days. _ , . . 

At autopsv the weight was 9.1 Kg. An examination oi the mcisi.m and j 
in the vicinitv in which the vcnociysis bad been given revealed no cv.drmc -a 
infection. The perivascular tissue surrounding the external jugular 'em '■<' 



Fig. 5. — A photomicrograph of the external jugular vein of a dog taken just 
distal to the tip of the cannula through which a 10 per cent solution of dextrose 
in physiologic solution of sodium chloride had been introduced for ten days. Note 
the attached thrombus (T) and the inflammatory reaction in the wall oi the vein. 


edematous and indurated. The wail of the vein was thickened, and attached to the 
wall and extending distal from the tip of the cannula was a fragile thrombus. The 
right lung weighed 86 Gm., and the left lung, 72 Gm. Both lungs revealed mod- 
erate crepitation, with the exception of a few firm red nodules. A section through 
the nodular lung tissue showed well defined infarcts. Some of the pulmonary 
infarcts were triangular and had their bases directed peripherally. The bronclii 
were filled with a purulent material. 


Microscopic examination of the external jugular vein distal to the point of the 
cannula revealed an organizing thrombus which partially occluded the lumen of the 
vessel. The wall of the vessel was thickened, and infiltrated throughout were 
numerous polymorphonuclear leukocytes. Microscopic examination of the lungs 
revealed multiple pulmonary infarcts, with one suggestive pulmonary thrombus. 



(M 


ARCHIVES OF SURGERY 


M,C [ ramc ' vork ^ ‘he lungs was edematous and swollen. In a few places nolv 
spaccs. ,,m,l: C ' 7r S “" «“ »«i aliacen. alv»t 

1 he diagnosis was: acute phlebitis and thrombosis of the external jugular vein, 
mu tiple pulmonary infarcts and beginning pneumonia. 

Dog 2.-A male collie, which weighed 11.6 Kg. before the experiment, lived 
tor twelve and one-half days. 

At autopsy the weight was 10.6 Kg. Examination of the external jugular vein 
at the site of the injection showed no evidence of infection. The tissue around the 
vein was thickened and indurated. The vein was thickened, and within the lumen 
and extending distallv to the tip of the cannula was a fragile thrombus which 
partially occluded the lumen. The right lung weighed 92 Gm., and the left lung, 
84 Gm. Both lungs were moderately crepitant except for a few nodular areas 
which on cross-section revealed irregular hemorrhagic infarcts. 

Microscopic examination of the external jugular vein just distal to the tip of 
the cannula revealed a thickening of the wall, which was infiltrated by poly- 
morphonuclear leukocytes. Attached to the infima and partially occluding the 
lumen was an organizing thrombus. Polymorphonuclear leukocytes were also seen 
in the areolar tissue surrounding the vein. Microscopic examination of the lungs 
revealed multiple pulmonary infarcts associated with pulmonary thrombi. Some 
of the thrombi appeared to be organizing, and in one canalization was seen. A 
few of the bronchi and surrounding alveoli contained pus cells. 

The diagnosis was : acute phlebitis and thrombosis of the external jugular vein, 
multiple pulmonary infarcts and pulmonary thrombi and early bronchopneumonia. 

Doc, 3. — A brown male dog, which weighed 8.3 Kg. before the experiment, died 
at the end of eight days. 

At autopsy examination of the external jugular vein at the site of the injection 
revealed no evidence of pus. The perivascular tissue in this region was swollen 
and indurated. The wall of the vein was thickened, and attached to the wall and 
partially occluding the lumen and extending distal from the tip of the cannula 
was a fragile thrombus. The right lung weighed 78 Gm., and the left lung, 62 
Gm. Both lungs were moderately crepitant except for two small firm nodular 
areas. A section through these nodular areas revealed typical hemorrhagic infarcts. 

Microscopic examination of the external jugular vein distal to the point of the 
catheter revealed a thickening of the wall, and infiltrated throughout were numerous 
polymorphonuclear leukocjdes. Attached to the intima and partially occluding the 
lumen was an organizing thrombus. Microscopic examination of the lungs repealed 
typical hemorrhagic pulmonary infarcts associated with pulmonary thrombi. Some 
of the bronchi and surrounding alveoli contained numerous polymorphonuclear 
leukocytes. The vessels were engorged, and many of them contained pus cel s. 

The diagnosis was : acute phlebitis and thrombosis of the external jugular vein, 
multiple pulmonary infarcts and thrombi and bronchopneumonia. 

Series 4. — Dog 1. — A male dog, which weighed 7 Kg. before the experiment, 

died after fourteen days. . 

At autopsy the weight was 6.2 Kg. Examination of the external jaguar ui 
at the site of the injection revealed no free pus. The perivascular tissue sur^ 
rounding the vein was edematous and indurated. The wall of the \cssc wa - 
thickened. Within the lumen of the vessel and extending distal from the ip < 
the catheter and partially occluding the lumen of the vein was a fragi e not -• 
The right lung weighed 75 Gm., and the left lung, 70 Gm. Both lungs n ^ 
erately crepitant throughout except for a few red nodular areas 
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revested several red irregular hemorrhagic interns. A f«* «»' «* infa " : ‘ 
triangular and had toeir bases dircctw^pcrp ^ ^ ( , K in j C cti-.ii rrvrnUd an 

Microscopic examination oi t ' \ mm \ of the vessel. The vessel 

organizing thrombus which partia \ occ m e jxilvmorphonurtear leula.- 

was thickened, and throughout its wall -"” - r { , : , n ,„nh;uto 

evtes Microscopic examination of the lungs revealed large 
.V„ ts v 0 definite pulmonary thrombi were noted. . 

'^The diagnosis was: acu.c pl.lcbi.U »d U„o,„1»ms « <l« m-ta vn„. 

and pulmonary infarcts. 

Dog 2. — A white dog. which weighed 10 Kg. before the experiment, died after 

' Xt \T autopsy the weight was 9.4 Kg. Examination of the tissues at the Mte 
oi toe injection revealed no evidence of pus. The perivascular tissue an, mid tin 



Fig. 6. — A photomicrograph of a section of the lung of a dog which received 
physiologic solution of sodium chloride by venoclysis for ten days. The pul- 
monary thrombus shows organization and canalization. 


vessel was edematous and indurated. The wall of toe vessel was thickened, ami 
within toe lumen was a thrombus partially occluding the lumen and extending 
distallv from toe tip of toe cannula. The right lung weighed 92 Gm., and the 
left lung, 80 Gm. Both lungs were moderately crepitant except for a few firm 
nodules. A section through one of the nodular areas revealed a red hemorrhagic 
infarct, ao gross pulmonary thrombi were noted. 

Microscopic examination of the wall of toe external jugular vein just distal 
to the tip of the caunula revealed a thickened wall ; polymorphonuclear leukocytes 
were seen throughout the wall, and there was a thrombus within the lumen, par- 
tmlly occluding it. Microscopic examination of the lungs revealed no definite 
pulmonary infarcts. The framework of the lungs was very edematous. Some of 
tne bronchi and surrounding alveoli contained polymorphonuclear leukocytes. One 
vessel showed a pulmonary thrombus. 
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The diagnosis was 
pulmonary thrombus 


: acute phlebitis and thrombosis of the external jugular vein 
nncl bronchopneumonia. 


for^en ct7s A ^ WcfeI,cd ] °' 8 Kff ’ bc/ore the experiment, lived 

At autopsy the weight was 9.5 Kg. Examination of the tissues in the region 
01 . C CX 1 tCnia! Jl,gl,Iar vc, ’» the site of the injection revealed no free pus. The 
perivascular tissue around the external jugular vein showed some thickening and 
some induration. The wall of the vessel was thickened, and within the lumen, 
extending (totally from the cannula and partially occluding the lumen, was a 
thrombus. The right lung weighed 92 Gm„ and the left lung, 82 Gm. Both lungs 
a\ere moderately crepitant. There were numerous small irregular hemorrhagic 
infarcts. 



Fig. 7. — A drawing showing the results of the presence of a steel needle lodged 
in the lumen of the external jugular vein of a dog. Note the thrombus attached 
to the wall and the insert showing a pulmonary infarct associated with a pu 
monary thrombus. 


Microscopic examination of the vein distal to the site of the injection re lealcd 
an organizing thrombus which was attached to the wall of the vessel an par 
tially occluded the lumen. The wall of the vessel was thickened, and mhitralc 
throughout were some polymorphonuclear leukocytes. Microscopic examination o 
the lungs revealed typical hemorrhagic infarcts. Many of the pulmonary vess 
contained thrombi, and several of the thrombi showed canalization (tig. )■ 
of the bronchi and surrounding alveoli contained pus cells. 

The diagnosis was: acute phlebitis and thrombosis of the external jugu ar ' ell > 
pulmonary thrombi and early bronchopneumonia. 

Series 5— Dog 1.— This dog, which weighed 9.6 Kg. before (he experiment, 
died at the end of six days. 
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At autopsy, examination of the operative site in the region of the insertion of 
the steel needle revealed no evidence of infection. The wall of the external jugular 
vein was thickened. A thrombus extended from the traumatized portion of the 
vein distal to the site of the insertion of the needle (fig. 7). '1 Ins thrombus was 
fragile and almost occluded the lumen of the vein. 1 he lungs were riddled with 
hemorrhagic infarcts. A cross-section of the lung revealed many hemorrhagic 
infarcts, a few of which were triangular and had their bases directed peripherally. 

Microscopic examination of the external jugular vein distal to the tip "f the 
needle, shown in figure 7, revealed a thrombus attached to the wall of the vessel 
and partially occluding the lumen (fig. 8). A number of polymorphonuclear leu- 
kocytes were seen throughout the wall. Microscopic section of the lungs revealed 
typical hemorrhagic infarcts associated with pulmonary thrombi (fig. f)>. 

The diagnosis was: acute phlebitis and thrombosis of the external jugular vein 
and multiple pulmonary infarcts and thrombi. 
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Fig. 9 . — A photomicrograph of a section of the lung of a dog showing pul- 
monary thrombosis and infarction following the insertion of a steel needle in a 
Jugular vein for six days. 



pig 10. — A photomicrograph of a section of the 
six days. A thrombus had been released in one of 
thrombus in one of the pulmonary vessels. 


lung of a dog at the end of 
the jugular veins. Note the 
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Scri „ 6 . — Dog 1. — This clog, which weighed 8.7 Kg. he, ore the experiment. w.u 

i.'.Uiv, at the end of six days. , , , v 

A, autopsy oxamina .'.on oi .ho ta E * 

infarcts were seen or palpated. When cross-sections of the Inngs were nu»U i ■' 
infarcts were found. Careful dissection of the pulmonary vessels, however, rev cm < 
a thrombus lodged in one of the larger pulmonary vessels. 

Microscopic examination of the pulmonary thrombus revealed no orgamratnm 
and no surrounding infarcts (fig. 10). The lungs showed no edema or pneumoum. 
The diagnosis was pulmonary thrombus. 

Oqg 2.— This dog, which weighed 95 Kg. before the experiment, was hilled at 
the end of eight days. 

The observations at autopsy were identical with those for the other dog on 
which the same experiment was tried. 

The diagnosis was pulmonary thrombus. 


SUMMARY AND CONCLUSIONS 


A foreign body, such as a cannula, lodged in the vein <d a dug 
produces an inflammatory reaction throughout the wall of the vein. All 
the necessary factors for thrombosis are present, namely, slowing and 
eddying of the blood current; trauma to the wall of the vessel, and 
changes in the composition of the blood. In all the animals used in 
the experiments there was an evident inflammatory reaction of the wall 
of the vein, with partial occlusion of the lumen hv an organizing fragile 
thrombus. There is no difference in the reactions caused by the various 
types of commonly used cannulas, as demonstrated in these experiments. 
The results of the experiments indicate that a foreign body in a vein is 
more active in the production of thrombi than is the infused solution. 

The animals used in the experiment lost weight while receiving 
solutions by venoclysis. A 10 per cent solution of dextrose given in 
the same quantity per body weight as it is given clinically to man does 
not provide enough nutrition to maintain body weight. 

All dogs showed a high incidence of pulmonary infarction and 
thrombosis after having received venoclysis. The pulmonary infarcts 
usually were associated with other pulmonary pathologic changes, such 
as pneumonia and edema. 


Well formed clots were injected into the external jugular veins of 
dogs having apparently normal lungs. At autopsy, pulmonary thrombi 
were found, hut no pulmonary infarcts. 

This experimental work shows that pulmonary complications such 
as bronchopneumonia and edema predispose to pulmonary infarction 
when thrombi are circulating in the pulmonary’ vessels. 

By analogy it seems probable that pulmonary embolism and throm- 
bosis are not infrequently associated with continuous venoclysis as used 
in man, although they may not always be recognizable clinically 

The experiments recorded here indicate that continuous intravenous 
infusions are not without danger. 0 S 
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No pathognomonic symptoms arc invariably present in gastiic carci- 
noma the recognition of which permits the early diagnosis of the disease. 
Often one witnesses the tragedy of a patient presenting himself for tie 
first time with all of the evidences of a lesion which has progressec to a 
stale of inoperability. In some cases, there were no warning symptoms 
of the disease; in others, the patient procrastinated because he attributed 
no importance to symptoms that might have served as the clue ior an 

early diagnosis. . .• 

Much can be done toward remedying this situation by t le s} s ci 

education of the laity, as is being done through the efforts o r. 
good and of others who in lectures and through the pi ess are cai 
the public against tolerating heedlessly the early and insidious m 
tions of gastro-intestinal disease, especially of that occurring 1 
past the age of 40. Needless to say, a responsive attitude on ttepart 
the public imposes on the physician the added responsibi 1 ) ady&nced 
the malignant growth which otherwise may eve °P mbar rass- 

stage “under his very nose.” He may 

ment of becoming a witness to the final stage ^ been d j ag - 

that has masqueraded under the guise of peptic u 

nosed as “nervous indigestion.” nhvsicians regarding 

A sense of false security has developed among P } they j iac l 

the benignity of certain types of gastric lesions i ^ 0 f gas- 

advised nonsurgical treatment. Certain criteria d f ltage 0 f the 

trie ulcer have been utilized in some m*an«s * < ^ f^ently, how- 
patient and for the cure of his disease. A! g l ^ - udgnie nt of the 

ever, the application of the same criteria * ^ In niany instances 

physician to the serious jeopardy of the pa surgical treatment 

iesions which would have lent themselves to sacosrfd ^ 

progress to the stage of inoperability because, during 

^Tblfore the Pan-American Medical Association, Pan-Amencan 

Floating Congress, March 14 to 31, 1934. 



riuers-dry— gastric ulcers 


70.1 


subjected t" 


these lesions were easily resectable, the patients weie _ 

medical regimens not sufficiently supervised to prove the hemiputy m 
the lesion. " Indeed, the subjection of a patient with a Rastric lesion to a 
nonsurgical form of treatment imposes an obligation which lav surpasses 
that of the mere relief of the subjective manifestations of the disease and 
of the improvement in the general condition, since a carcinomatous 
gastric lesion may at times exhibit apparently favorable progress under 
the approved method of treatment for peptic ulcer. 

The syndrome characteristic of peptic ulcer has been so thoroughly 
learned by medical practitioners that indigestion, with any of the char- 
acteristic symptoms of ulcer, often is assumed to he due to ulcer without 
the patient being given the benefit of roentgenologic examination. It is 
not possible by the history alone to distinguish between gastric and 
duodenal ulcer, and, whereas the latter is almost invariably benign, there 
is always a grave possibility that gastric ulcer may he malignant. It is 
therefore advisable to subject patients with any type of indigestion not 
immediately responsive to the ordinary conservative methods of treat- 
ment to a careful, systematic and thorough examination, which should 
include the study of the gastric contents, the examination of the stools 
for blood and a roentgenologic investigation of the stomach. 

Errors of diagnosis, however, are not limited to those who neglect to 
examine the patient with sufficient thoroughness, because an ulcerating 
lesion in the stomach, even when demonstrated rocntgenographicnllv. has 
too often been assumed to be benign without sufficient corroborative 
evidence. It has been assumed that a long history of indigestion, high 
gastric acidity, situation of the ulcer high on the lesser curvature, 
demonstration of the ulcer as of the penetrating variety, the presence of 
an hour-glass deformity, early age of the patient and small size of the 
ulcer argue in favor of the benignity of the lesion. Yet all practitioners 
have been witnesses, sometimes too late, to the tragedy of the discovery 
that these signs were not reliably indicative of benignity. 

Certain therapeutic tests have been developed the fulfilment of 
which theoretically is conclusive evidence of the benignity of the lesion. 
Thus, the fact that an ulcer becomes smaller or disappears under treat- 
ment. ceases to bleed or becomes quiescent has been assumed to stamp it 
as benign. Unfortunately, such tests are not always infallible. 

Academically, it may be admitted that many signs are usually inter- 
pretative of the benignity of a lesion. However, since these signs are 
not absolutely reliable, it seems hazardous to employ them as criteria 
without due precautions. 3 Cntena 

In numerous instances multiple ulcerating lesions are present in the 

ttxn-s; 
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It is obviously impossible (o distinguish positively between malignant 
•*nd benign lesions without a careful microscopic investigation. Direct 
inspection of an ulcer often fails to reveal signs which are even sug- 
gestive of carcinoma, and the lesion is assumed to he benign until the 

pathologist demonstrates its malignant nature by microscopic exami- 
nation. 


Duodena! and gastric ulcers are found to coexist in about 13 per 
cent of the cases. Not infrequently at the time a duodenal nicer is 
discot eted, further investigation of the stomach, either at fluoroscopic 
examination or at surgical exploration, is not executed with sufficient 
care, and a gastric ulcer may be thus overlooked. It is therefore essen- 
tial. in dealing with cases of indigestion, to exercise every precaution in 
order to establish a complete diagnosis and to institute appropriate 
therapy. 

i he histories of several cases are presented here to demonstrate the 
unreliability, in certain instances, of practically' ever)' sign and symp- 
tom that has been employed to distinguish the benign from the malignant 
gastric ulcer. 

Perforating ulcers are more likely' to be benign, and ulcers accom- 
panied by hour-glass deformity of the stomach are usually benign. 
According to Hurst and Stewart/ less than 1 per cent of the cases of 
hour-glass deformity of the stomach are due to carcinoma. In case 1 
the patient was relatively young, the symptoms were characteristic of 
peptic ulcer and the gastric acidity' was not low. Both in case 1 and in 
case 2 the character of the symptoms changed ; such a change is often 
emphasized as suggestive of a malignant process. As a matter of fact 
one cannot be certain of arriving at the correct pathologic diagnosis on 
this basis alone, since a benign peptic ulcer manifests a similar change m 
sy'iuptoms when it extends into an adjacent viscus. The change simply 
indicates that the ulcer is no longer simple; it has become complicated, 
but with no implicit reference to malignancy. The same features ate 
illustrated in case 2, with the exception that here the age of the patient 
makes one suspect the existence of a malignant process. 


REPORT OF CASES 

Case 1. — A man, aged 36, had suffered from “stomach trouble intermittei 
for six years. This complaint had consisted of a cramplike gnawing ant )t> ^ 

associated with bloating and belching. Vomiting or the ingestion o oo 
soda brought relief. During the five months prior to his admission o ^ ^ 

the pain had been more severe and had radiated to the back as ne 3 
into the thorax. The pain had awakened him during the night, but ie ■ 
able to sleep after taking soda. The stools had been dark at times, 
the loss of weight had been only 23 pounds (5.9 Kg.). 

1. Hurst, A. F„ and Stewart, M. }.: Gastric and Duodenal Ulcer, Ntv ^ or - 
Oxford University Press, 1929, p. 342. 
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The report of the roentgenologic examination w;ot I>cr«..rMi«u: «l‘*' ' 
lesser curvature of the stomach with hour-glass dc h;rm.ty An;hv ms -t . • 

content revealed total acid of (.1) and free hydrochloric aetd m ■«<». U a i 
“stric content recovered was 120 cc. At exploration a cmcnomafn, uh.t 
was found measuring 9 by 6 by 2.5 cm. It had permrated mto Urn pam- c- ; 
glandular as well as serosal involvement was present. 1 he p.ulmhs.a .... • 
was carcinoma, grade 4. 

Case 2.— A woman, aged 58, had undergone appendectomy ami drama;:- - t 
the gallbladder eight years prior to admission to the clime f-r the rrh.ei hunum- 
epigastric pain which appeared from two to two and one-half tonir- alter a meat. 
Following this operation there were no symptoms for n year; intermittent att.u 
of pain of a similar character then appeared, which were eased liv the takim: <i i>» -1. 
The patient stated that during the five months previous to admi'-sion the pain ha-1 
been replaced by bloating and marked belching until two weeks before lu r applica- 
tion to the clinic. At that time severe distress developed in the upper portum of the 
abdomen on the left side. Analysis of the gastric content revealed total and . i 
60 and free hydrochloric acid of 40. The roentgenologic diaun-iM-. wa- g.aMrie 
ulcer located high in the stomach with the production of an hnur-gla*-" deformity. 
The clinical diagnosis was perforating gastric nicer with hour-gin^ deformity of 
the stomach. At exploration a carcinomatous ulcer 3.5 cm. in diameter wa*- found. 


The next case to be reported is an excellent example of the type in 
which the pathologist unexpectedly finds carcinoma in an ulcer that has 
given no cause for the suspicion of malignancy in the mind of the 
clinician, of the roentgenologist or even of the surgeon at the time of the 
exploration. The history was characteristic of peptic ulcer. Relief had 
been obtained on a medical regimen for the treatment of nicer, and the 
gastric acidity had been determined as adequate. 


Case 3. — A woman, aged 47, had for many years suffered from a burning pain 
which came on two or three hours after meals and was associated with attacks 
of migraine. Food and soda had relieved the distress. During the past year the 
trouble had been more severe; radiation of the pain to the hack was associated 
with vomiting that came on at the height of the pain. Hospitalization for three- 
months and a regimen for the treatment of ulcer had given complete relief ns long 
as the patient remained on the diet. In two years she had lost only 4 pounds 
(1.8 Kg.). Analysis of the gastric content revealed total acid of SO and free 
hydrochloric acid of 38. The roentgenologic examination disclosed an ulcer at 
the outlet of the stomach with resulting retention. The clinical diagnosis was 
ulcer at the pylorus with a slight obstruction. At operation, a lesion with a deep 
crater 2 cm. in diameter was found on the posterior wall above the pvlorus. The 
pathologist reported a carcinomatous ulcer with glandular involvement. 


The next case illustrates that even multiple lesions mav occupy such 
positions in the stomach or the duodenum as to escape detection ’by an 
expert roentgenologist. Again it demonstrates the difficulty of rcconniz- 
mg a malignant process by macroscopic inspection. Unless great care is 
exercised by the surgeon, a duodenal ulcer may serve as a cloak for 
mahgnant gastric disease at the time of the exploration. 

Case 4. A man, aged 46, had suffered intermittent attarW „r • 

with relief by food and soda, for twentv-five vea s prior to 1 7- ° Pam ’ 

. years prior to his admission to the 
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dime. During the past two years the pain had been more constant and there 
ad been distress at night. During the past few months food had relieved him less 

on a m 11 r’f T ^ ^ 7 ° Pn ’° r t0 application at the clinic be had been 
on a jin k diet with partial relief of the symptoms. He had lost 16 pounds 

V' Q o , , Cl,ni ! g | ,IS P criod - Analysis of the gastric content revealed total acid 
of 88 and free hydrochloric acid of 58. The results of the roentgenologic exam- 
ination were not significant. At operation two ulcers were found on the lesser 
curvature. A duodenal ulcer also was found. The pathologic report was: two 
gastric ulcers— the larger, carcinomatous; the smaller, benign. 


1 he next case illustrates that a benign duodenal ulcer may coexist 
with a much graver lesion in the stomach. It is obvious that symptoms 
caused by the duodenal ulcer may entirety mask those produced by the 
ulcerating lesion in the stomach. 


Case 5. — A man, aged 42, for twenty years had complained of intermittent 
epigastric pain which appeared several hours after meals and was relieved by 
soda. During the past year he had not been troubled until one month prior to 
admission to the clinic, when the distress returned. Twelve days prior to admis- 
sion he had a severe hemorrhage. He had lost 18 pounds (8.2 Kg.) in two 
months. Analysis of the gastric content revealed total acid of 58 and free hydro- 
chloric acid of 58. The roentgenologic examination disclosed the presence both 
of gastric and of duodenal ulcers. At operation the roentgenologic diagnosis was 
verified, but the microscopic examination revealed the gastric ulcer to be malignant. 

Severe gastric hemorrhage is much more liable to occur with a benign 
than with a malignant lesion. In the sixth case the bleeding tvas asso- 
ciated with symptoms characteristic of peptic ulcer. Dietary measures 
afforded relief of the symptoms, and the roentgenologic examination 
failed to reveal definite evidence of malignant disease, yet the surgeon 
discovered an inoperable carcinoma. 

Case 6. — A man, aged 46, bad suffered from symptoms of ulcer during the 
spring and the autumn for about nine j'ears. A diet for the treatment of gastric 
ulcer usually had relieved the symptoms during these attacks. For two or three 
years previous to admission the pain had been more severe and had radiated to 
the left lower quadrant of the abdomen, to the back and to the thorax. Four 
months prior to admission he had a severe hemorrhage, as a result of which he 
was confined to bed for seven weeks. Since that time be bad been on a diet" 
milk and powders and was considerably improved. Roentgenologic examination 
revealed an ulcer on the posterior wall of the stomach. A clinical diagnosis o 
hemorrhagic gastric ulcer was made. At operation a carcinoma was fouiK on 
the posterior wall, attached to the tail of the pancreas. The lesion was inopera >c 
A biopsy was made, and the pathologist reported the presence of carcinoma. It e 
patient died one year later. 

The next case so completely refutes the strictest criteria wherein l | ie 
benign gastric ulcers may be distinguished from the malignant t wt 1 
history is given in detail. Thus, if a patient with ga stnc ulcer, win J 
under a strictly supervised medical regimen, becomes asymptomatic, i 
repeated tests reveal no blood in the stool and if there is roentgeno 
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evidence of the complete disappearance of 

be proof that the lesion is benign. 1 he folhmmg li. 1 

strates that this assumption is not always con eel. 

r 7 _a nlan a , c d 28, complained of epigastric ,-ain which had .-n.nrd 

— f r£& 

rebel of the same symptoms. The distress, however, had omtnmcd. 1 r - ' 
had then been replaced by a feeling of gaseous d.slentmn 1 here 
of melena at the time of the first visit to the dime, m November 1 >-il h- n- 
„eno!ogic examination on Nov. 10, 1931. revealed a perioral mg nicer <m thr lo-r 



Fig. 1 (case 7). — Roentgenographic appearance of the two ulcers occurring 
high on the lesser curvature of the stomach at the time of the first examination. 


curvature above the angle of the stomach and a smaller ulcer slightly higher on 
the lesser curvature (fig. 1). Analysis of the gastric content revealed total acid 
of 46 and free hydrochloric acid of 38. The patient insisted on medical treatment ; 
he was therefore hospitalized and placed on a strict regimen for the treatment of 
ulcer, which promptly relieved the symptoms. At times when he had epigastric 
distress, alkali afforded relief. Examination of the stools for the presence of blood 
on six occasions had given negative results. Roentgenologic examination was 
again made on November 18, and a small perforating lesion was seen to be still 
present on the lesser curvature; at a similar examination on November 24, the 
ulcer was found to be very shallow, and on December 2 it was no longer’ seen 

(fig. 2) Two days later the patient was dismissed from the hospital and returned 
to his home. 


The trouble recurred shortly after the patient’s dismissal, but during the sub- 

' C there was further epigastric distress, despite rigid adherence to the diet 
During this period black stools were noted during several periods of three or 



/0>s archives op surgery 

[3 tr;™? ! hC paticnt ’ s CO,Klition gradual] >' became worse. The pain, although 

3“ >CCamC r° r< ; intC " SC ' “ like mo,tcn lead ” and was accompanied bv 
-t deal oi gas. Food and alkalis no longer afforded relief. The general 
condition of the patient remained good, and there was no Joss of weight 

On the patient’s return to the clinic in October 1932 , roentgenologic examination 
revealed a large perforating ulcer high on the lesser curvature of the stomach and 



Fig. 2 (case 7). — Roentgenogram showing the disappearance of the gastric 
lesions seen in figure 1 following a course of medical treatment. 



Fig. 3 (case 7). — Roentgenogram showing the recurrence of a perforating u cer 
on the lesser curvature at the angle of the stomach and a smaller ulcer just a hoc, 
about one year after the first examination. 

a smaller ulcer immediately below the first (fig. 3). Malignancy was suspected, 
and at exploration a mass the size of a fist was found to involve prncfica } ^ 
entire cardiac end of the stomach. Several large indurated glands u ere 
in the area of lymphatic drainage. The patient died four mont is a cr. 
necropsy the two gastric ulcers were proved to be malignant. 


RiniRS-nKY-C,ASTK!C VIA lih'S 

Tust as at times it is difficult or impossible to exclude »hr 
carcinoma, so a benign lesion may show characteristics " ,n ‘‘ ‘J 

marks of malignancy. It is frequently assumed that lesions on tin U at t 
curvature are malignant. The files of the Mayo t hinc contain 
of only four cases in which a lesion of the greater curvature piovci 
to be benign. In the following case the presence m an epigastric imp 
a lesion on the greater curvature, the persistence of blood m the pm!, the 
absence of a history of ulcer and a loss of about f>0 pounds ( Kim. 
even though the restriction of food had been serious, left no doubt in 
the minds of the clinicians and of the surgeons that the case was mu- of 
carcinoma of the stomach. It was assumed that the lesion could hr 
resected, and exploration was advised. 1 he ulcer was found to he 
benign and was resected without difficulty. Convalescence was without 
incident. 


Case 8. — A woman, aged 21, was admitted to the clinic in a 'tan- «d 
malnutrition. Four and one-half years previously, she had begun I" reduce her 
weight by self-imposed dietary restrictions and had appeased her appetite at limrt 
with little more than a candy bar. During this period she had worked haul at 
school and, despite the rather strictly limited intake of food, had retained reason- 
ably good health until seven months prior to admission, at which time inlluenrn 
had developed. Following this illness she had suffered from attacks of diarrhea 
which had caused a further reduction of weight, the tolal loss being al>oui »>_’.? 
pounds (28.3 Kg.). 

The clinical picture, together with the history of semistarvation and diarrhea, 
was therefore one of marked inanition, and this condition seemed entirely adequate 
to explain the poor general condition. This opinion was further home out hv the 
fact that the proteins and calcium of the blood were reduced to 3.31 (ini. and 
7.22 mg., respectively, per hundred cubic centimeters of scrum. Edema was present 
in the feet, and the roentgenograms revealed osteoporosis of the pelvic bonev 
The patient gave no history of epigastric distress. 


The immediate problem, therefore, resolved itself into a dietary program with 
the intake of foods high in calories and with an adequate supply of vitamins and 
food accessories. During this period repeated examinations of the stool for para- 
sites and ova were made because of the history of diarrhea and were reported as 
giving negative results ; it was noted, however, that several specimens contained 
occult blood. Subsequent examination in the hospital suggested an epigastric 
mass. After the patient’s general condition was sufficiently improved to warrant 
further investigation, a roentgenologic examination of the stomach was made 
which disclosed a large ulcerating lesion on the greater curvature that extended 
to the posterior wall of the stomach. The size of the ulcer and its situation on 
the greater curvature led the roentgenologist to suspect that it was malignant - 
this suspicion seemed warranted on the grounds of the roentgenologic evidence 
alone as well as on that of the presence of occult blood in the stool. 

At exploration the surgeon found an ulcer on the greater curvature r.f «t 
stomach approximately 5 cm. above the pyloric sphincter. The crater of the nicer 
which admitted the tip of a finger, was 2 cm. in diameter Pathnlrwlr - • ’ 

of this ulcer and of enlarged glands proved that hev I animation 

evidence of malignancy couid be found infl ™ory ; no 
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In the following cases definite indications existed that the lesions 
were malignant. In case 9, there was definite roentgenologic evidence 
of malignancy, and the analysis of the gastric content revealed absence 
of free hydrochloric acid. 


Case 9. — A man, aged 41, had for ten years complained of a burning pain in 
the upper part of the abdomen which came on from three to four hours after meals 
and was relieved by vomiting. One and one-half years prior to admission to the 
clinic lie had an attack of vomiting lasting eighteen weeks. He had been placed on a 
regimen for the management of ulcer which had resulted in freedom from the 
trouble for about ten months. Four months before coming to the clinic there had 
been severe heniatenicsis and melena followed by intermittent distress and \omitmg. 
Analysis of the gastric contents revealed total acid of 20 with no free hydrochloric 
acid. Roentgenologic examination disclosed an apparently inoperable lesion at t e 
pyloric end of the stomach which was strongly suspected to be carcinoma At 
operation a simple hemorrhagic ulcer, l.S cm. in diameter, was foun . e ' e " 
months after operation the patient was free from symptoms. 


In case 10, the age of the patient was well within the range in which 
carcinoma is most prevalent, and there was a history of a loss oi imm 
40 to 50 pounds (from 18 to 22.7 Kg.), the onset of which pr ced 
the gastric symptoms by six or seven months. Further, tie ro g 
logic evidence was somewhat suggestive of a malignant grow • 
clinician’s diagnosis was carcinoma, but at operation a eng 
was found. 

Case 10.— A man, aged 51, complained chiefly of adl "^J a! "J'^ hich lasted 
mediastinum, which had no relation to meals or o x the year 

for two or three hours. He had lost rom 40 **JZ^™*««** 
previous to admission to the clinic. na j S!S “ ]o ic examination disclosed 

acid of 58 and free hydrochloric acid of 46. ° narrowin g 0 f the pylorus 

a lesion of the pyloric end of the stomach with A clinical diagnosis 

and the indication of a gastric ulcer on the jesser ulccr 

of carcinoma of the stomach was made. At operat.o Tissue removed for exam- 
perforating into the gastrohepatic omentum was fou • 
ination was found to be inflammatory. 

The syndrome presented in case 11 was also c^dnom/i” most 
nant process. The patient was of the age ® -^ oma> the history of the 
frequent, there was a family history o ^ the roentgenologic 

symptoms was short, the gastric acici } " s Here, again, the 

findings favored the suspicion of a malignant process, 
patient was proved to have a benign P e P t,c ulcer. ^ f)ic 

Case 11— A man, aged 49, applied at the clmtc for c ^'™ n occurring one 
compSt of hematemesis of the * ‘‘enneer of the 

and one-half years prior to admission. His moth „ after the f 

liver” The patient had no pain or dyspepsia ^ _ (] . ffusc 

tamemesis :**« hemorrhage 
and abdominal pain had appeared from one to 
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tress was usual* relieved by soda. At times, however, the «»•! 
for davs The symptoms had become definitely worse two nwm.* V-»- 
admission, and occasional vomiting had occurred. T iw l- « ^ J 
pounds (1.8 Kg-)- Analysis oi the gastric contents reveled n tin U 

total acid of 20 with no free hydrochloric acid, and m a M-r«nm,i 

acid of 24 and free hydrochloric acid of 4. The roentgenologic dtagt-w «■ 
ulcerating carcinoma of the stomach. On exploration a large 

* * rx-t j.. 


of 


There were cnlar^-il 


\k:t\ 

V.hel 

in tlie ga'U"- 


on the lesser curvature was found. 

hepatic omentum and a circumscribed undid e in the liver. Mtcr.oc.pie rwiunm 
tion proved the ulcer to be benign and the enlarged ti-mc m the eland- !<< »- 
inflammatory, whereas the nodule in the liver was revealed as a benign «w:i]>*nlatr. 

tumor. 

COMMENT 

W e have carefullv reviewed the histories of two hundred p.dictit- 
with surgically verified gastric ulcers. Of this series of ulcers. «<n<’ 
hundred were benign and one hundred malignant. Tlur cases were taken 
in consecutive order except that preference was given to those in which 
before operation there was some doubt regarding the benignity or the 
malignancy of the lesion. Frank cases of carcinoma with abdominal 
masses or with evidence of metastasis and large lesions with unmis- 
takable roentgenologic evidence of carcinoma were not selected tor 
study. The histories of the cases were then summarized according t<> 
a uniform plan, and the summaries placed in one book, so that they 
could be easily reviewed. At the bottom of each page were the final 
diagnosis and the results of the surgical measures. Front a review of 
all of the data available in the history an effort was made to determine 
the character of the lesion. It was surprising how frequently errors in 
diagnosis resulted. 

The diagnosis of an intrinsic gastric lesion as a causative factor in 
the production of indigestion is made by analysts of the history, hv the 
physical examination, by the investigation of the gastric content and 
the stool and by roentgenologic study. By careful evaluation of all of 
the data made available by these methods, the arrival at a diagnosis 
either of carcinoma or of ulcer is usually not at all difficult. * The 
difficulty arises, however, when an attempt is made to differentiate 
between a malignant and a benign lesion when the lesion is small and 
has the roentgenologic appearance of ulcer. A careful evaluation of 

7 °V e ' nf0rmati0U avai,able in the hi stories corroborates the opinion 
that t here features which suggest the malignancy of certain lesions 

r S n r §aStTK T Wh ° haV£ Sh0rt hist0ries aad "'ho have 

shown no remissions of symptoms, inadequate relief on medical 
gimens and persistent blood in the stool should he suspected of bar 
ho. mg malignant ulcers. If, in addition, the ulcer is 77 
situated near the pylorus on the greater curvatJ re or 17 ^ 

and if ^ gastrrL" • n ^:s; 
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absent or diminished the probability that the lesion is malignant is great. 

I f, on the other hand, the patient is young, if there are long periods 
during which the ulcer is quiescent, if the values for gastric acids are 
high, if bleeding from the lesion is intermittent, if the ulcer exhibits 
the characteristics of penetration or if the complication of hour-glass 
contracture is present, the probability of benignity is suggested. Further, 
clinical improvement under treatment, cessation of bleeding from the 
ulcer and roentgenologic evidence of the disappearance of the lesion 
add evidence that the lesion is benign. However, any one sign ma\ 
fail in so manv instances that it seems extremely hazardous to ventme 
positive opinions regarding the exact histopathologic type of these small 
ulcers. 

Bloomfield 2 stated that in most instances of carcinoma the gastric 
acids are reduced or absent and the total secretory volume is diminished. 
Evidently he was considering chiefly the larger lesions of the stomach, 
although occasionally even for small carcinomatous ulcers the assump- 
tion still holds good, and it may thus be of value in the differentiation 
of benign and malignant gastric ulcer. However, in cases of small ma - 
nant ulcer the results of the analysis of the gastric content freque 
do not seem to be different from those usually obtainec m 
benign gastric ulcer. The possibility of correct diagnosis » f ^ 
confused at times by the presence of multiple lesions. CC j , J In 

malignant gastric ulcer is associated with a benign uocena • 
other cases in which there are multiple gastric ulcers, one may be mal.g 

nant and the others benign. . , . . ^tirnlarlv 

It soon becomes evident that from the clinical history, 

from the behavior of pain, not much help is evident when 

lion of benign and malignant lesions. This fact is 

the mechanism for the production of symptoms in these 

considered. . . , n f malignant 

The cause of distress in cases of benign an \ preselice 

gastric ulcer should be the same Gastric ulc ^J y jf thc 

mainly over three nerve routes: the phrenm \£ etic nerv ous sys- 

lesion is high; the splanchnic branches of i } P £ , csion inva des 
tern, and the afferent spinal sensory nerves. nerV es, the fact 

that portion of the diaphragm supp ie T er j „h era l cutaneous dis- 
may be indicated by pain in the area of v 1 ^ Qn thc shoU ldcr. 

tribution of this nerve, that is, at the base of „ astric ulcer is 


, the shoulder 

tribution ot tms nerve, mat «, - — tric ulcer in 

The second pathway by which the P r ^ en ^ ^ doubt at present 
indicated is the splanchnic route. There see ’ fibers running 

that impulses interpretable as pain are conducted 


2 ~ Bloomfield, A. L. : Clinical Aspects of Gastric 
6: 307 (Sept.) 1932. 


ic Secretion. Ann. h't. Mc<1 ' 
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in the splanchnic nerves to the posterior horn U is known. ? C ouum-. 
that stimuli, such as pinching or cutting, n'inch produce jmn on tin- 
surfaces of the body do not usually produce pan. m the v, scene Sou r 
it is known that pain actually develops when a lesion invades a mm n-. 
it remains only to be ascertained what constitutes the stimulus that 
adequate to produce the pain. It has been assumed, tberefme. on t"" 1 ' 
evidence that stretching of the circular libers of the viscus o institutes 
an adequate stimulus. This, it has been suggested, is caused bv a local 
accentuation of iutravisceral tension. One of the factors that sirin'- 
capable of producing the spasm is gastric acidity. Yvc have frequently 
noted in the review of the cases included in this study that normal >>r 
elevated values for free hydrochloric acid were present in cases of 
malignant gastric ulcer. Furthermore, in many of this group of case* 
benign ulcers produced symptoms characteristic of the ulcer syndrome 
and yet the acidity, even after the use of stimulating test meats, w;o 
not elevated. 

We see no good reason why this mechanism for the production of 
pain should be influenced in a different manner by a malignant than by 
a benign ulcer, unless marked differences in the gastric cbeinism are 
present. The low values for free hydrochloric acid are more consist- 
ently in evidence in cases of malignant ulcer, and although they may 
somewhat influence symptoms, they do not occur with sufficient regu- 
larity to be of conclusive diagnostic value. 

Pain impulses from gastric ulcers may also reach the spinal cord 
by way of the spinal afferent sensory nerve tracts. The parietal peri- 
toneum receives branches from the spinal sensory nerves. The gastro- 
hepatic omentum and the mesentery of the small intestine as well as 
the transverse mesocolon are also supplied by somatic nerves. These 
nerves are sensitive to the same stimuli that produce pain when applied 
to the surfaces of the body. 

When ulcers, therefore, progress beyond the confines of the bowel 
in the course of perforation they invade tissues guarded by spinal 
sensory nerves. Pain may then be projected over the peripheral distribu- 
tion of the involved nerves, and the original syndrome be thus appre- 
ciably changed. Frequently after the development of this complication, 
the previously established syndrome is markedly distorted. The ten- 
dency toward remission is lessened, pain is more persistent and severe 
and the usually effective methods of obtaining relief become entirely 
inadequate for the control of symptoms. Such a change in symptom's 
is often assumed to be evidence of the malignancy of a lesion.' when in 
reality the alteration ,s quite as likely to happen in cases of benign as 


in those of malignant gastric ulcer. 

Physical examination in cases of early gastric carcinoma is of little 
if any, aid m diagnosis, since the findings which usually stamp the 
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lesion as malignant are the results of metastasis, such as enlarged supra- 
clavicular glands or implants in the pouch of Douglas. Similarly? an 
epigastric mass usually signifies malignant disease with extension to 
he liver. . It is precisely in the type of case in which the differential 
diagnosis is difficult, that is, in which a small ulcer is present, that phy- 
sical signs are lacking. Neither the malignant nor the benign ulcer is 
likely to be associated with a mass. When in addition to the roentgeno- 
logic evidence of a small perforating ulcer a mass is demonstrable, it 
may just as readily be the result of an inflammatory reaction surround- 
ing the ulcer as that of a malignant process. 


Whatever doubt may exist is usually dispersed by a reliable roent- 
genologic examination, and the majority of carcinomas afford incontro- 
vertible evidence of their malignancy when subjected to this means 
of investigation. But, unfortunately, the fact must again be faced that 
the most easily recognizable gastric carcinomas have too often progressed 
to an inoperable stage. Kirklin and Weber 3 emphasized the difficulty 
of determining exactly the morbid anatomy of small lesions of the 
stomach. They stated : 


Most of the roentgenologic literature and illustrations of gastric carcinoma 
pertain to the advanced and essentially tumefactive growths, and tend to create 
the impression that both the discovery and the specific diagnosis of carcinoma are 
uniformly easy. However, this optimistic view is not warranted, for it takes no 
account of small malignant lesions, which are sometimes hard to reveal and more 
often hard to identify. ... A crater which has not penetrated beyond the 
normal confines of the gastric lumen, and which is surrounded by an elevated, 
overhanging ridge, is pathognomonic of ulcerating carcinoma. On the other hand, 
when ulceration so dominates the morphology that no hyperplasia is evident, and 
the lesion is essentially and solely an ulcer excavating the gastric wall, distinction 
from benign ulcer may be difficult or impossible. 

Data obtainable from the history, the analysis of the gastric content, 
the examination of the stool, the physical examination and the roent- 
genologic study are usually adequate for the correct diagnosis of car- 
cinoma of the stomach. The application of all of the available evidence 
obtained by these means, however, fails in many instances to give 
satisfactory assurance of benignancy in some of the smaller ulcerating 
lesions of the stomach. 

SUMMARY 

Gastric ulcer is much more frequently benign than malignant. No 
infallible means except microscopic investigation can be applied to prore 
the benignity of the lesion under consideration. The histones o the 
cases included in this study amply illustrate that practically all ot 
the signs and symptoms may at times fail to indicate t ic ex.tc n. 

3. Kirklin, B. R., and Weber, H. M.: Roentgenologic Diagnosis of Neoplasdc 
Diseases of the Stomach, Am. J. Cancer 16:1134 (Sept.) 193- 
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of the lesion. The symptoms oi benign and those of malignant ulcer 
may be identical, and certain reasons for their similarity have hern 
outlined. 

We do not intend to convey the impression that the differentiation 
of benign and malignant ulcers of the stomach is impossible, for O'- a 
rule a correct diagnosis can be made. We do wish to imply, however, 
that it is hazardous to assume that the application of certain criteria 
of benignancy rules out the possibility of malignancy. It seem* 
to us that unless contraindications are present it is usually safer to treat 
gastric ulcers surgically. 

Nonsurgical methods of treatment should be undertaken only when 
it is possible to keep the patient under the closest observation for a 
prolonged period. 
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CONGENITAL DEFORMITIES AND DISTURBANCES OF GROWTH 

Congenital Torticollis. — Hough 1 gave a thorough summary of the 
possible causes, pathologic changes, symptomatology and treatment of 
congenital torticollis. Basing his statement on a review of 57 cases he 
stated that frequently in infants the condition responded to manipulation 
if treatment was instituted early but that for the older patients surgical 
intervention, i. e., division of either end of the sternocleidomastoid 
muscle, was necessary and should be followed by the wearing of some 
form of apparatus to maintain correction. Facial asymmetry usually 
disappeared within six months after the operation. Full active and 
passive correction was obtained in the 57 cases. 

Klippel-Feil Syndrome ; Congenital Webbed Neck. — From the 
clinical examination of 6 patients with the Klippel-Feil syndrome and 
the postmortem examination of 2 of these, Mitchell 2 concluded that the 
conception that the cervical region of the spine is absent in this condition 
is not exact. The normal number of intervertebral foramina and 
cervical nerves were present. There were, however, distortion and 
absence of portions of the intervertebral disks, bodies, etc. In later lift 
there was a more or less complete fusion of the portions which were 

This report is based on a review of 182 articles selected from 272 tides appear 
mg in medical publications approximately between July 3 and Nov. 2, 1934. On .' 
those which seemed to represent progress were chosen for review. 

3. Hough, G. dcN. : Surg., Gynec. & Obst. 58:972, 1924. 

2. Mitchell, H. S.: Arch. Dis. Childhood 9:213, 1934. 
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present. Mitchell expressed the belief thut there is ustt.dly b.rpe 
portion of the spinal cord and its membranes ... the ..ppe urn ■ 
region. This is not a true but a false spina bibda. since t ... .m a . 
meet in an abnormally low situation. 

End-Results of Coxa Plano as Related to Treatment. —I ..abhvcil . m 
reporting on the treatment of coxa plana stated that the avm abb- 
statistics showed that 1 of every 5 of the patients had a i residual bmp. 
pain and some restriction of motion in the hip joint, hive cases were 
reviewed as to the end-results. Three patients, aged 2d. 28 ami 18. had 
received no treatment, and 2. aged 20 and 22. had been given treatment. 
1 with a caliper brace and 1 with a plaster spica. Nine othei ca-e^ in 
which the patients were too young to warrant a definite statement as 
to the end-results were discussed. Caldwell concluded that the use of a 
caliper brace which partially relieves weight hearing is of value, par- 
ticularly when acute symptoms are present, and that absolute immo- 
bilization in plaster is not indicated. 


Treatment of Lcgg-Calvc-Pcrthcs Disease Without Weight Pearl toy. 
— Danforth 3 4 observed the results of treatment in 0 cases of coxa plana 
and showed in 5 of them the great value of abstinence from weight 
bearing during the active stages of the disease. Three patients were 
treated by rest in bed for from three to four years: 2 were observed 
after twelve years, during three of which weight hearing was prohibited. 
All these patient had excellent results clinically, and the roentgenograms 
showed almost normal conditions. In the sixth patient, who did not 
follow advice as to abstinence from weight bearing, the result was much 
less satisfactory clinically, and the roentgenogram showed a deformed 
femoral head. 


[Ed. Note. — These studies of end-results suggest that prevailing 
theories regarding the nature and treatment of coxa plana will have 
to be modified. Abstinence from weight bearing should he the treatment 
until the roentgenograms disclose evidence of healing.] 

Adolescent Kyphosis .— Edelstein 5 reported 8 cases of kvphosis in 
adolescent boys and girls and discussed the roentgen appearance and 
etiology of that condition. He concluded that most, if not all of the 
etiologic factors usually cited to explain this and other epiphyseal dis- 
turbances of a similar nature are of only secondary significance He 
suggested that some biochemical disturbance, based possibly on a defect 
ot nutrition or assimilation, is at the root of such epiphyseal disorders 


3. Caldwell. G. A.: South. Med. J. 27:402, 1934 

4. Danforth, M. S. : J. Bone & Joint Surg. 16:516, 1934. 

5. Edetstein, J. M. ; Brit J. Surg. 22:119, 1934. 
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PYOGENIC INFECTIONS 

_ Osteomyelitis of the Ilium,— Osteomyelitis of the ilium, as was 
pointed out by Badgley, 0 is not as infrequent as is usually believed. 
Probably 1 or 2 per cent of all the patients with osteomyelitis showed 
involvement of the ilium. The age incidence in his series of 24 cases 
varied from 20 months to 75 years; the usual age was under 25 years. 
Badgley carefully reviewed the literature on the subject and discussed 
the development of the pelvis and its anatomic structure in relation to 
osteomyelitis. The etiologic agent was predominantly Staphylococcus 
aureus. Badgley discussed in detail the signs, symptoms and roentgen 
appearance. Pain was most often referred to Scarpa’s triangle. The 
treatment varied depending on whether the case was acute, subacute or 
chronic. In the acute stage, if the process is localized incision and 
drainage with eradication of the involved bone are advisable. If the 
process is diffuse, either with or without abscess formation, Badgley 
recommended radical subperiosteal resection of the ilium as soon as the 
patient's general condition warrants it. He expressed the belief that 
acute diffuse osteomyelitis should not be treated by simple incision and 
drainage or by trephination. When septicemia is present the prognosis 
is grave, but radical resection gives the best chance of recovery. In the 
subacute stage localized osteomyelitis should be treated by local resec- 
tion, and the diffuse type, by radical resection of both tables of the 
ilium including all the diseased bone if possible. As treatment for the 
chronic stage Badgley advised resection of both tables of the ilium and 
saucerization of the cavity. The operative exposure which he used was 
described in detail. It consisted in an incision along the iliac crest from 
the posterior to the anterior superior part of the spine and then con- 
tinued downward lateral to the sartorius muscle. The wing of the 
ilium was exposed by subperiosteal dissection of the inner and outer 
tables. Resection of whatever portion of the ilium was necessary uns 
then easily made with the osteotome. The wound was packed "iti 
gauze smeared with petrolatum. Seventeen of the 24 patients " eiC 
considered completely cured. 

Treatment of Acute Infective Arthritis of the Knee Joint. Mount 
drew attention to the fact that in acute infective arthritis of the ' n,c 
joint there is frequently an extension abscess passing from tie sin 
crureus pouch up in front of the femur deep to the quadriceps extern o 
muscle. To drain this abscess he advocated that the lateral incision 
drainage of the joint be extended upward, cutting through tie '<‘S 
lateralis muscle down to the femur. 

6. Badgley, C. E. : Osteomyelitis of the Ileum, Arcb. Surg. 28.83 (Ja ) 

7. Mouat, T. B.: Brit. M. J. 1:980, 1934. 
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Suppurative Infections of Bones ami Joints in /n.Mnr.V.- Ain r 
reviewing the end-results of sepsis involving the hotu> and joints in 
infants (up to 2 years) at the Children’s Hospital. Koston. Owen 
concluded that early operation for drainage is of most value in c:im- 
of septic joints. Osteomyelitis, however, responds best to conservative 
early treatment laying stress on general supportive measures. After the 
process has been localized it should he drained by a small window in 
the bone; extensive destructive operations should be avoided. 1 item 
stressed the importance of the choice of the proper time tor operative 
intervention and the necessity of improving the infant’s general condi- 
tion by an adequate intake of fluid, etc., to lower the otluTwi-e high 
mortality in this group of cases. 

POLIOMYELITIS 

Poliomyelitis Treated with the Drinker Respirator: .Analysis ol 8,8 
Cases and 68 Control Cases. — In the epidemic of anterior poliomyelitis 
in Xew York in 1931, Landon y was able to study a group of 88 patients 
treated in the Drinker respirator and a control group of 68 patients with 
equally serious respiratory embarrassment for whom no respirators 
were available. All were treated iti four hospitals for communicable 
diseases in New York. Of the 88 patients treated in the respirator 
11 were moribund on admission, and 53 died in the hospital. Of the 68 
treated without respirators 40 died in the hospital. Most of the deaths 
occurred on or before the sixth day after the onset of paralysis; the 
percentage of deaths was 66 per cent for those treated in the respirator 
and 65 per cent for those treated without the respirator, Thirtv-iive 
patients who were treated in the respirator were discharged from .the 
hospital free from respiratory embarrassment. Of these, 16 died within 
eighteen months, chiefly from pneumonia. Twenty-eight patients treated 
without the respirator and discharged when free Irom difficultv in 
breathing were followed for eighteen months; 3 of these died. Post- 
mortem examination of the patients coming to autopsy showed alveolar 
emphysema in those treated in the Drinker respirator. Landon expressed 
a belief that hyperexpansion of the lungs may predispose patients 
treated in the respirator to subsequent infection or collapse. The 
Drinker respirator was not found to be of value in cases of bulbar 
paralysis. Landon suggested that the usefulness of the Drinker respirator 
is established only in selected cases of diaphragmatic and intercostal 
paralysis. 

[Ed. Note. The careful study made by Landon is salutary in the 
tace of the enthusiastic acceptance of respirators for the treatment of 

8- Green, W. T. : New England J. Med. 211 : 159 , 1934. 

9. Landon, J. F.: J. Pediat. 5:1, 1934. 
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poliomyelitis associated with thoracic and diaphragmatic paralyses. 
It suggests that a more careful selection be made of the patients on 
whom such treatment is attempted.] 


TUBERCULOSIS 

Surgical 7 ubcrculosis: Its Treatment by Climate and Sunlight 
During Forty-Seven Years.— Bernhard 10 wrote an enthusiastic article 
in favoi of heliotherapy in high altitudes for all types of tuberculosis. 
He has tieated about 2,500 patients with “surgical tuberculosis” in the 
past f oi ty-seven years. He reported the following statistics on the first 
1,000 patients: cured, 858; improved, 120; unimproved, 14; dead, 8 
(0./ per cent). Of the unimproved patients, 6 died later of tuberculosis. 
Bernhard stressed the climatodietetic therapy, consisting of high alth 
tude, nourishing food and maximal periods of direct exposure to the sun. 
In cases of tuberculosis of the bones and joints, although no statistics or 
illustrations were given, he reported complete healing with frequent 
regeneration of the bones and excellent function of the affected joints. 

[Ed. Note. — This article, written by one of the pioneers in helio- 
therapy, overflows with enthusiasm and conviction. Nevertheless, some 
of the statements as to results could be accepted more readily if statistics 
and roentgenograms were included.] 

Functional Test of the Reticulo-Eudothelial System with Congo Red 
for Qualitative Diagnosis of Ostco- Articular Tuberculosis. — Rabboni 
and Alberghina 11 injected 1 cc. of a 1 jier cent solution of congo red 
per six kilograms of body weight intravenously into one arm of patients 
with tuberculous joints. After one hour 5 cc. of blood was withdrawn 
from the other arm. By colorimetric tests on normal persons 100 per 
cent of the dye was noted in the plasma. Rabboni and Alberghina 
believed that the percentage of reduction in color indicated the type and 
severity of the lesion. The percentage of color noted in various cases 
varies from 50 to 95. The higher the percentage of color in the 
plasma, the more favorable the prognosis. The writeis stated that 
others had used the test with congo red for pulmonary tuberculosis. 

[Ed. Note.— T his test, which is really a check on the functional 
activity of the reticulo-endothelial system, has been used for anploic 
disease. Its value can be of only relative significance in tuberculous 
infections.] 

CHRONIC ARTHRITIS 

Gonococcus Complement-Fixation Test in Blood and Synovial I 
of Patients with Arthritis. — Myers and Keefer 12 determined t ic gono 


10. Bernhard, O. : Arch. Phvs. Therapy 15:261, 1934. 

11. Rabboni. F.. and Alberghina. G.: Chir. d. org. di niov.nieiito ' 

12. Mvers, W. K.. and Keefer, C. S.: New England J. Med. 211:1 l. 
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coccus complement-fixation test in the blood, synovial fluid or both oi 
PO patients with arthritis. In 43 of these the condition was chai-no.wd 
as gonorrheal arthritis, the diagnosis being based on the tollnw.ng 
criteria: (1) a history of a recent attack of gonorrhea. (2) a localized 
gonorrheal infection in the genital tract and (3) the presence of gono- 
cocci in the synovial fluid. In 37 of the 43 cases diagnosed as instances 
of gonorrheal arthritis the gonococcus complement-fixation teM gave 
positive results. In only 2 of the 71 patients with various other form- 
of arthritis did the gonococcus complement-fixation test give positive 
results. The reactions in the blood serum and synovial fluid were 
identical except in 6 instances. Determination of the reactions of the 
synovial fluid gave no definite information not obtainable from a study 
of the blood serum. Myers and Keefer expressed the belief that the test 
is of considerable significance in the differential diagnosis of arthritis. 


Characteristics of Synovial Fluid in Gonococcic Arthritis . — Myers 
and his co-workers 13 studied 40 cases of gonococcic arthritis. In 25 
per cent (10 cases) the organism was recovered in direct smears or 
culture of the fluid. The complement-fixation test of fluid from the 
joint was positive in 71 per cent of the cases studied. In only 6 instances 
was there disagreement in the results of the test of the blood and of 
the fluid from the joint. The cell count of the synovial fluid ranged 
from 1,800 to 158,000 per cubic millimeter. In general the higher cell 
counts were found in fluids with a culture positive for gonococci. The 
polymorphonuclear leukocytes constituted from 46 to 100 per cent of 
the total cell count. The chemical analysis (total protein and sugar 
content) was of little value. In all the cases the prognosis for complete 
recovery was poor. Patients with infected fluid and high leukocytic 
counts were more often crippled than the others. 

[Ed. Note. — The two papers by Myers and his co-workers add to 
the diagnostic methods for chronic arthritis. In the experience of one 
of us, gonorrheal arthritis once it has become chronic behaves like 
chronic rheumatoid arthritis. A note of warning should be raised in 
regard to a positive gonococcus complement fixation ; it is possible to 
have an incidental gonorrheal infection, as has been observed, without 
any direct bearing on the course of chronic arthritis.] 


Symmetrical Serous Synovitis (Chilton’s Joints).— Sixtv-three case' 
of bilateral serous synovitis in patients with congenital syphilis were 
reported by Klauder and Robertson.** The onset was insidious and 
practical!}- without symptoms. The joints were painless, and there wa< 


13. Mvers, W. K. ; 
13:767, 1934. 


Keefer, C. S., and Holmes, W. F.-. 


J. Clin. Investigation 


14. Klauder, J. V., and Robertson, H. F. : 
(Dutton’s Joints), J. A. M. A. 103:236 (July 28) 


Symmetrical Serous Synovitis 
1934. 
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no bony involvement. The disease was chronic and ended in eventual 
spontaneous recovery. The response to antisyphilitic treatment was 
slow, but the tieatment probably influenced recovery to some extent. 
r L he age and sex incidence corresponded closely to those of interstitial 
keiatitis, with which Clutton’s joints were frequently associated, and to 
those of Hutchinson s teeth. Kiauder and Robertson expressed the belief 
that Clutton’s joints are an important sign of congenital syphilis and 
one frequently overlooked in this country. 


NEOPLASMS 


Lymphosarcoma in Bone. — Craver and Copeland 15 reviewed the 
records of 164 patients with lymphosarcoma who were treated at the 
Memorial Hospital for the Treatment of Cancer and Allied Diseases 
in New York. Seventeen of these were found to have metastases to 
bone, the diagnosis of osseous metastases being made during life in all. 
The bones most commonly involved were, in order of frequency, the 
spine, pelvis, skull and femur. In 5 patients pathologic fractures 
occurred. The metastatic lesions were commonly osteolytic, although 
osteoplastic and combined osteoplastic and osteolytic lesions were seen. 
The extension of the neoplasm was either by the blood stream or by 
direct infiltration from involved lymph nodes. Histologic study of the 
metastases in all cases showed reticulum cell lymphosarcoma. The lymph 
nodes were involved in all cases before bony metastases occurred. 

Skeletal Muscle Sarcoma. — Of 35 cases of tumor of the skeletal 
muscle collected by Bick 16 from the records of the Hospital for Joint 
Diseases and the Mount Sinai Hospital there were 20 cases of sarcoma 
and 11 of hemangioma. Sarcoma was found to occur on an average 
in patients from 20 to 40 years of age. The duration in all but 1 case 
was a year or less. The common sites were the thigh, abdominal wall 
and forearm. The tumors were usually mobile and, of course, moved 
with muscular contraction and relaxation. Pain was not a common 
symptom. Bick expressed the belief that treatment should consist ot 

wide excision. 

Changes in the Bone in Hodgkin's Granuloma.- Craver and Cope 
land 17 reported observations on 172 cases of Hodgkin s gianuoma 
which autopsy was performed at the Memorial Hospital for ^ anc 1 
and Allied Diseases in New York. Osseous changes shoul e espcc 
at any time during the course of the disease. Such changes v ere c uc 


15. Craver, L. F., and Copeland, M. M. : 
Surg. 28:809 (May) 1934. 

16. Bick, E. M.: Ann. Surg. 99:949, 1934. 

17. Craver, L. F., and Copeland, M. M.: 
Granuloma, Arch. Surg. 28:1062 (June) 1934. 


Lymphosarcoma in hone. Arch. 

Changes in the Bone m Hodgkm ‘ 
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metastasis from the bone marrow or to direct extension from glands 
The spine and pelvis were most frequently involved. Collapses of vci- 
tebrae, but not involvement of the intervertebral disks, were common, 
but pathologic fractures were rare. Graver and Copeland concluded 
that of all forms of treatment advocated, irradiation was the best. 


MUSCULAR INJURIES 

The Common Syndrome of Rupture, Dislocation and Elongation of 
the Long Head of the Biceps Brachii Muscle.—' The symptom complex 
of rupture of the long head of the biceps brachii muscle is not as rare 
as was formerly supposed. In addition, there are cases of partial rup- 
ture, dislocation and elongation of the tendon. In an excellently written 
article Gilcreest 18 considered the anatomy, pathology, signs, symptoms 
and treatment of these conditions and presented an analysis of 100 cases. 
He recommended open repair and suture as the treatment of choice. 

Appearance of Bone Formation About the Elbow Joint. — -During a 
period of five years 930 gymnasts and athletes were examined with 
roentgen rays by Heiss. 10 In 30 per cent abnormal bony formation 
was found about the elbow. Some of these athletes had had severe 
injuries or dislocations; others had suffered no such injuries. In this 
group osseous bodies were found about the median cpicondyle, the 
olecranon, the coracoid, the edge of the trochlea and the ulnar articu- 
lation. Heiss attributed these growths to unusual strains and stresses 
occurring in sports. 


DISABILITIES OF TIIE KNEE JOINT 

Cysts of the External Cartilage of the Knee with Erosion of the 
Head of the Tibia. — Two cases of cysts of the lateral meniscus causing 
erosion of the lateral condyle of the tibia were reported by Fairbank 
and Lloyd. 20 In both cases there were multiple cysts, and in one the 
erosion in the tibia was 1% inches (3.18 cm.) in length and 1 inch 
(2.54 cm.) in depth. Removal of the cystic mass and part of the 
meniscus was carried out in both cases, and the subsequent course was 
satisfactory. 


MISCELLANEOUS CONDITIONS 

Calcification, Decalcification and Ossification. — Jones and Roberts 21 
correlated the pathologic, biochemical, clinical and roentgenologic fea- 
tures of normal and abnormal calcification, decalcification and ossifi- 
cation cn the basis of the theories of Leriche and Policard. They 


18. Gilcreest, E. L.: Surg., Gynec. & Obst. 58:322, 1934. 

19. Heiss, F. D.: Deutsche Ztschr. f. Chir. 242:342 1934 

20. Fairbank, H. A. T., and Lloyd, E. I. : Brit. T. Surn 22-1 ie 

21. Jones, R. W„ and Roberts, R. E.: Brit. J. Radiol. fr32l‘and 391 1934. 
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expressed the belief that bone undergoes decalcification if the blood 
supply is increased and shows increased calcification if the blood supply 
is diminished. They considered that from a pathologic standpoint calci- 
fication is possible in any mesenchymatous tissue of low metabolism 
where the vascularity is reduced by the fibrosis of trauma or of infection. 
Bone can form in any region where there are fibroblasts, excess of 
calcium and an adequate blood supply. 

Habitual Adduction and Supination Distortions of the Foot . — 
Debne 22 mentioned that in sprains of the foot the anterior and occa- 
sionally the posterior talofibular ligament are ruptured. In such cases 
the prognosis is favorable only if complete healing of the ligaments 
occurs. 1 he appearance of the roentgenograms suggests instability 
of the astragalus. This instability causes abnormal movement of the 
astragalus and is frequently the cause of pain in chronic foot strain. 
Dehne found that repair of the torn ligaments is quite slow. After six 
weeks of immobilization in a plaster bandage not a single patient had 
regained normal ligamentous length. Secondary contraction of the liga- 
ments began after the second month and sometimes required a year 
for completion. The author advised the use of adhesive plaster 
in severe cases. It is necessary to maintain support for from two to 
four months to ensure proper shrinkage and repair. 


ORTHOPEDIC OPERATIONS 

Mixed Inira- Articular and Extra-Articular Arthrodesis of the 
Shoulder in Poliomyelitis . — Scaglietti 23 described a combined intra- 
articular and extra-articular fusion of the shoulder joint for paralysis 
of the shoulders. B)' means of an incision through the deltoid muscle 
the shoulder joint is opened, and the humeral head is dislocated. I he 
articular cartilage is removed from the humeral head and the glenoid, 
the dislocation is reduced and the capsule sutured. Incision is then 
extended from the tip of the acromion backward along the scapuiar 
spine, from which a long osteoperiosteal graft is removed. Hie gra t 
is rotated 180 degrees and the distal end is buried under a flap o )onc 
in the greater tuberosity of the humerus. The graft is held in p ace in 
a channel in the acromion by periosteal sutures. A spica is app icc • 
Roentgenograms of 3 patients with excellent bony fusion were s ion ^ 

[Ed. Note.— One of us has used this type of shoulder fusion in - 
cases with most satisfactory results. The posterior incision is simp c> 
an adequate graft may be obtained from the scapula, anc Ue ^ 
of the patient with the arm banging down from the ta e simp i • 
problem of maintaining the correct position during the opera 


22. Dehne, E. : Deutsche Ztschr. f. Chir. 242:40, 1934. 

23. Scaglietti, O. : Chir. d. org. di movimento 18:609, 19a3. 
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Operative Lengthening of the Femur. — 1’utti *' used skeletal traction 
with ICirchner wire to secure lengthening of the femur. One wire was 
inserted vertically through the great trochanter, the other through tin- 
femoral condyles. A simple oblique ostectomv was performed through 
the middle third of the femur. No mention was made of the division 
of soft parts. The leg was suspended on a Braun frame. The upper 
wire was fastened to the bed, and weight was gradually added to the 
lower wire beginning with 15 pounds (6.8 Kg.) and increasing by 1 or 
2 pounds (0.5 or 1 Kg.) daily until the desired length had been obtained. 
This usually required from eighteen to twenty-one days, and the final 
weight was from 30 to 40 pounds (13 to 18 Kg.). The position was 
checked every third day by roentgenograms. When the desired length 
had been obtained the wires were incorporated in a snugly fitted plaster 
spica which was left on until fairly solid union had occurred. This 
usually required from eight to ten months. In 11 patients thus treated 
excellent results without complications were obtained. 

Reductions of Old and Irreducible Dislocations of the Shoulder 
Joint. — From a large experience with dislocation of the humeral head 
Cubbins and his co-workers 23 concluded that there are a few fresh dis- 
locations which cannot be safely reduced by closed manipulation with 
any of the usual maneuvers. For these and for old irreducible dislo- 
cations they devised a new operative approach designed to give adequate 
exposure of the glenoid. The patient is placed in the sitting position. 
The skin incision begins over the spine of the scapula, curves around 
by the lateral border of the acromion inward along the anterior border 
of the scapula to the anterior border of the deltoid muscle and then 
follows downward along the anterior border to the deltoid muscle. 
The clavicle and acromion origin of the deltoid muscle were divided, 
and the whole muscle is turned backward and downward. The capsule 
was opened longitudinally and the dislocation reduced. In two cases the 
long head of the biceps has been transplanted after the method of Nicola 
to prevent redislocation. The wound is closed by suturing the deltoid 
muscle back at its origin and closing the skin and subcutaneous tissues 
in the usual position. The arm is immobilized in the position of salute 
by a plaster cast for from four to six weeks. 


FRACTURES 


Studies of 236 Compound Fractnres.~D 3 .land -« reported on 236 
compound fractures observed at the Massachusetts General Hospital 
including all types of fractures except those of the back and jaw’ 


24. Putti, V. : Surg., Gynec. & Obst. 58:318, 1934. 

25. Cubbins, \V. R.; Callahan, J. J., and Suderi r c; . c 

58:129,1934. ouaeri, C. S.. Surg., Gyncc. & Obst. 

26. Daland, E. M. : New England J. Med. 210:983, 1934 
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Daland concluded that if treated early and adequately, the average 
compound fracture caused by indirect trauma is no more serious than 
a simple fracture. If sepsis develops the period of disability is pro- 
longed, and the end-result is not so good. The results obtained by 
cleansing the small puncture wound, applying an antiseptic solution and 
leaving the wound to granulate have been for the most part satisfactory. 
Compound fractures from direct trauma are far more serious and call 
foi ladical measures. Thorough debridement of a compound wound 
with adequate irrigation usually prevents the development of sepsis. 
Some of the smaller wounds may be tightly closed after debridement, 
but the larger ones should be left wide open. Loose or partial closure 
with drainage is not advocated. Carrel-Dakin therapy (as described 
by Daland 2C ) correctly carried out was a satisfactory method for the 
treatment of infected or potentially infected wounds. Debridement 
prevented infection with gas bacilli, and gas bacillus serum was not 
needed as a prophylactic measure. Prophylactic antitetanic serum usually 
prevented tetanus or, if tetanus developed, lessened its severity. Bone 
ends should be debrided to prevent death of bone. Treatment by the 
described methods was satisfactory for all the bones with the exception 
of the femur and the bones of the leg. In these groups there was too 
much sepsis, and too few radical measures were resorted to. 

Compression Fractures of Vertebral Bodies . — Bowler and Gile ■' 
based their report on 36 cases of compression fractures of the spine of 
which there were 7 with dislocation and involvement of the cord. Two 
of the patients died, one as a result of a pulmonary embolus and the 
other as a result of puncture of the hemiazygos vein and rupture of 
the liver. Laminectomy was not performed in any case. Bowlei and 
Gile expressed the belief that traction would do as much for paiaplegia 
as any other form of treatment. Hyperextension of the spine b} 
means of the knee piece of a Gatch bed for from ten to fourteen da)S 
followed by the use of a plaster jacket for from ten to twelve wees 
was the method of treatment suggested. A Taylor back brace uas worn 
for the remainder of the year. 

Pathologic Fractures of the Spine Associated with Disoidc/s of 
Calcium Metabolism. — Moffatt 28 reported 4 cases of compression trac- 
tures of the spine due to calcium deficiency. He pointed out t ia a^ 
of sufficient calcium is common in the average diet. Tinnot 0 
pituitary or parathyroid glands may be the cause of distance c a 

metabolism. 


27. Bowler, J. P.. and Gile, T. P.: New England J_ Med • 

28. Moffatt, B. W.: Pathologic Fractures of the Spine -• 
orders of Calcium Metabolism, Arch. Surg. 28:109u (June) 
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Fractures of the Patella.- Cases of fracture of the patella con Mi- 
cent of the cases of fracture at the Massachusetts ( .cnera! 

' - ‘ of 


tuted 1.22 per , . . ,o „ 

Hospital as studied by Allen.- 9 There was a total ot rO cases, m 

which studies of the end-results were made. 1 hirty-seven per cent 
of the 50 patients were operated on with sutures of kangaroo tendon, 
the fascia plaque method or the passage of a fascial strip through drill 
holes in the patella. The last method was preferred by Allen, and the 
technic of this procedure is described. It was felt that it gives tunic 
secure repair and permits earlier postoperative function of the joint. 
Studies of the end-results are reported. 

Epiphyseal Separation of the Long Bones.— Eiiason and Ferguson ; ' 
reported 110 cases of epiphyseal separation of long bones: in 75 of 
these the end-results were based on at least a one year follow-up. 
Eiiason and Ferguson found that the lower end of the radius was most 
frequently involved (4S cases) ; the lower part of the humerus including 
the epicondyles was involved in 36 cases; the lower part of the ulna, 
in 9, and the lower part of the tibia, in 4. The other epiphyses wen- 
involved not oftener than 3 times each in this series. There were 
2 cases of separation of the head of the femur, but it is noted that they 
were not purely traumatic in origin. In S5.3 per cent of the cases 
excellent or good anatomic and functional results were obtained. In 
only 3 cases did premature ossification occur. This happened in spite 
of perfect early anatomic reduction. Other cases in which fair or poor 
anatomic reductions took place did not show premature ossification, and 
growth appeared to continue normally. The chief danger of imj>er- 
fectly reduced epiphyseal separation is limitation of motion in the joint. 
Xo study of age groups was made. 

Inadequate Immobilization and Nonunion of Fractures. — While con- 
ceding that many pathologic and biochemical factors may be concerned 
in the rate of union of fractures, Jones 11 stated that the only one 
which is of practical importance in determining nonunion is inadequate 
immobilization. Adequate immobilization implies that no movement is 
possible within the splints or plasters and that this state is maintained 
for a sufficient length of time. The duration of the necessary immo- 
bility varies with individual fractures. Nonunion of the first stage, i. e., 
before sclerosis supervened, was cured by immobilization, but nonunion 
of the second stage required drilling or grafting. In infected compound 
fractures the transition from the first to the second stage was marked 
by quiescence of the infection. 


29. Allen, A. W.: J. Eone & Joint Surg. 16:640, 1934 

30. Eiiason E L., and Ferguson, L. K. : Surg., Gynec. & Obst. 58:85, 1934 

31. Jones, R. \V . : Brit. AL J. 1:936, 1934. 
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RESEARCH 


. Growt!l °f Connective and Osseous Tissue in the Presence of Certain 
Minerals. Menegaux and his co-workers 32 carried out more than 1 000 
experiments in which they tested the effect of various metals on’ the 
growth of connective and osseous tissue (osteoblasts) in vitro. Mediums 
were used in which cells grew and multiplied rapidly. Bits of the metal 
to be tested were then introduced into the culture; the effect on all 
growth was observed and the results compared with those in control 
cultuies in which no metal had been placed. The conclusions were as 
follows : 1. Copper, magnesium, iron, soft steel and aluminum bronze 
showed a toxicity which completely inhibited cellular growth. It was 
thought that possibly the use of soft steel and aluminum bronze accounted 
for some of the tissue necroses and bone absorption frequently observed. 

2. Zinc, silver, tungsten, nickel and tin and aluminum alloys were 
less toxic but nevertheless inhibited all growth sufficiently to indicate 
that probably these metals should not be used in the human body. 

3. Gold, aluminum and lead were entirely nontoxic. Unfortunately 
the physical properties precluded their use in surgical procedures. 
Duraluminum, which has the physical characteristics of soft steel, and 
the rustless steels designated as “V. A. Extra” “Nickel O” and “Platim- 
stainless” also proved to be nontoxic and were considered the best to use 
in surgical procedure and osseous repair. 

Contribution to the Study of Bone Transplants. — Comitz and his 
co-workers 33 transplanted carefully fitting pieces of bone with peri- 
osteum from the right to the left tibia and vice versa in 17 dogs. Ihc 
grafts were studied at intervals varying from forty-eight hours to one 
hundred and ninety-six days. Beginning union of the transplanted bone 
was observed in seventy-one hours, and the process was not complete 
in one hundred and ninety-six days. In five days proliferating con 
nective tissue was seen about the graft. This changed rapidly to a ca us 
of connective tissue. This process was observed in the super tcja 
osseous tissue and in the endosteum. The callus slowly adoptee t ic 
character of bone callus. In forty-two days the callus forme . roi 
myelogenous tissues had almost completely disappeared. 1 he perios ea 
callus was still present after sixty days, but advanced degeneration 
observed in it. In the peripheral part of the graft lamellatec Jone oi 
mation was observed simultaneously with the breaking doun o 
callus. Certain parts of the graft were remolded; othei parts C ^ J 
their original structure. The authors looked on periostea a 1 


32. Menegaux, G. ; Moyse, P., and Odielte, D.: Presse 

33. Comitz, H. ; Holmgren, H., and Johannson, H.: 
75:1, 1934. 


med. 42:658, 1931 
Acta chir. Scnndinav. 
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logenous callus as an expression of disturbances in the .neohan.es and 
dynamics of bone. In young animals the callus at times showed cnrli- 
laae formation. Osteoclasts were seen after seven <lays and persisted 
hall observations after that period. They were the end-stage ot nsM-nm 
protoplasm stripped of calcium and collagen fibers. No prominent part 
was played by the periosteum or endosteum of the graft, but the peri- 
osteum and endosteum of the host were important in the formation of 
the first fibrous callus. 

Influence of Venous Stasis on Heterotopia formation at Hone. 
Roome and McMaster 31 observed the action of venous stasis on the 
heterotopic formation of bone. In 6 dogs epithelium from the bladder 
was sutured to the muscles of the leg on both sides. On one side the 
femoral vein and its chief tributary branches were ligated. '1 he animals 
were observed roentgenologically and later killed. Denser bone forma- 
tion was observed on the side where the veins had been ligated. 


Influence of Bladder Transplants on the llcaliiu/ of Defects in 
Bone. — Copher and Key 33 studied the effect of transplants of bladder 
epithelium on the healing of defects in bones. Basing their study mi 
the finding of Huggins 3,; that bladder epithelium produced bone when 
transplanted to other portions of the body, they transplanted epithelium 
from the bladder to a 1 cm. bone defect in the ulna in 24 dogs. A 1 cm. 
defect was found in previous experiments to lead to nonunion in almost 
every case. A similar 1 cm. defect was made in the ulna of the opposite 
side to serve as a control. Definite stimulation of osteogenesis was 
observed in the bladder transplant with later bridging of the gap and 
absence of atrophy on the ends of the bone. 

Experimental Muscular Atrophy. — Thompson 37 immobilized the 
hindlegs of rabbits in plaster of paris, some in a weight-bearing position 
and others in a nonweight-bearing position. The changes produced in 
the muscle were much more striking in the latter than in the former 
position. After a few days there was edema, and the muscles were 
flabby, moist and pale. After from six to eight weeks the muscles 
were no longer distinct, elastic, compact groups but were soft masses 

of pale, edematous material with areolar and fibrous tissue scattered 
through them. 


34. Roome, X. W„ and McMaster, P. E.: Influence of Venous Stasis on 
mtcrotopic Formation ot Bone, Arch. Surg. 29:54 (July) 1934. 

35. Copher, G. H., and Key, J. A.: Influence of Bladder Transplants on the 
Healing of Defects of Bone, Arch. Surg. 29:64 (July) 1934 

36. Huggins, C. B. : The Formation of Bone Under the Tnfi„o c r- • , 

humjif the Urinary Tract, Arch. Surg. 22:377 (March) 1931. " C ° : ' plthc ' 

37. Thompson, T. C. : J. Bone & Joint Surg. 16:564, 1934 
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Effects of T nberculoprotein on the Course of Experimental Tuber- 
culosis in Rabbits and Guinea-Pigs. — According to Smithburn and his 
co-workers , 38 rabbits and guinea-pigs subjected to a long series of daily 
injections of tuberculoprotein became hypersensitive to this substance, 
as indicated by the intracutaneous reaction. Accompanying this induced 
hypersensitiveness there was an abolition of the temperature response 
induced by the protein. Little or no effect on resistance to tuberculosis 
in either rabbits or guinea-pigs was produced by the tuberculoprotein. 
This work adds to the growing evidence that allergy and immunity to 
tuberculosis may be largely unrelated phenomena. 

38. Smithburn, K. C.; Sabin, F. R., and Geiger, J. T. : Am. Rev. Tuberc. 29 : 
562, 1934. 
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During the five year period front 1925 to 1929, ninety-nine cases of 
carcinoma of the cheek the records of which are sufficiently complete 
to form a basis for this clinical study were observed in the clinic at 
Memorial Hospital. This series includes all of the cases of cancer of 
the cheek, in both the early and the hopelessly advanced stage, in which 
we had histologic proof of the presence of cancer, and in which there 
was subsequent observation for at least one month or until death. W'c 
excluded those cases in which the disease was not proved histologically, 
for instance, those in which, although the condition clinically appeared 
to be cancer, papilloma only was revealed on histologic examination. 
\Ye also excluded the cases of those patients (“clinic shoppers") who 
made but one or two visits to the clinic and were then lost track of 
within one month, without receiving the proffered treatment. The 
reported end-results are based on the histories of patients observed for 
five years or longer. Since we have included the cases of hopelessly 
advanced disease (thirty-two, or 32 per cent) in which palliative treat- 
ment only was given, we offer this report as an index of the disease as 
it is seen at the time when the patients first apply for treatment. 
Twenty-four patients (24 per cent) had received unsuccessful treatment 
by surgical excision, cautery or irradiation previous to their application 
at the clinic. In the case of nine of these, local surgical excision of 
the primary lesion had been made. 




Carcinoma of the cheek (buccal mucosa) comprises 9.5 per cent of 
all of the i ntra-oral tumors (Pack aud Le Fevre 1 ). In this group of 

? C p V me T ing ? T the u 1 med T * adiUm Societ >-’ Cleveland, June 1934. 
Eack, L. T„ and Le Fevre, R. G. : The Ae-e and .• 

Inadence of Neoplastic Diseases at the Memorial Hospital, New York 
Cancer Research 14:167, 1930. o k J 
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neoplasms, it ranks third in frequency, cancer of the tongue (20.6 per 
cent) and cancer of the lip (15.4 per cent) being the most common 
f oi ms. It is chiefly a disease of old age and is seen less often in young 
people than is any other form of intra-oral cancer. The average a<*e 
of the patients in our series was 59. The oldest patient was 97 and 
the youngest 33. About 50 per cent of the cases occurred in the fifth 
and sixth decades of life. The disease is over nine times as frequent 
among men as among women. Nine cases only, or 10 per cent, in our 
series occurred in women. 

The right and the left cheek were involved in almost the same num- 
ber of instances; it seems that findings such as those of Steiner, 2 who 
reported that in /0 per cent of thirty-three cases the disease was noted 
on the left side, are purely accidental. The midportion of 
the cheek, opposite the occlusal level of the teeth, is the site most often 
involved (40 per cent), although the disease may appear at any point 
on the buccal mucosa or in either of the buccogingival grooves. A con- 
siderable number of carcinomas arise just posterior to the labial com- 
missure. Direct local extension of the primary growth into the adjacent 
soft parts may take place early in the course of the disease. Local 
extension of this kind was found at the time of admission to the clinic, 
in over 60 per cent of our cases. 

Chronic irritation is a more obvious etiologic factor in carcinoma 
of the cheek than in any other type of intra-oral cancer. The most 
common chronic irritants to the buccal mucosa are sharp or broken teeth, 
ill-fitting dental appliances, syphilis and tobacco. The last agent acts 
both by r the production of local heat and by chemical irritation. Davis 
attributed the prevalence of carcinoma of the cheek in the Philippine 
Islands to the chewing of buyo, which is a combination of buyo leaf, 
betel nut, slaked lime and tobacco — a habit most common among the 
Philippine women. It is interesting to note that Davis reported the 
incidence of cancer of the cheek as greater among women than amon & 
men. We found definite evidence of dental irritation in twenty -three 
cases (23 per cent), either from sharp teeth or from ill-fitting dentures. 

Leukoplakia is a common precancerous response of the mucous mem 
branes composed of flat pavement epithelium to chronic irritatio . 
Intra-oral leukoplakia occurs most often in the mucosa of tie cicc', i 
was specifically noted in 22 per cent of the accompanying cases. ^ 
a special investigation of the incidence of leukoplakia among t ie & 1 - ‘ 
of intra-oral cancer in our clinic, the condition was found in a )Out I 
cent of the cancers of the cheek; Carcinoma may arise in a pate i 


2. Steiner, P. : 


363, 1906. 

3. Davis, G. G. 


Beitrage zur Krebsstatistik, Deutsche Ztschr. i. Clur. A. 
Buyo Cheek Cancer, J. A. M. A. 64:71! Hch. 27) 19b. 
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leukoplakia or in apparently normal mucous membrane adjacent to a 
patch of leukoplakia. In susceptible persons chrome .rntatmn may 
produce either cancer or leukoplakia or both, and m certain instances 
the leukoplakia may undergo malignant change. We hare nl»ii\id 
cases of generalized intra-oral leukoplakia for from ten to twelve yeats 

without noting a malignant change. . . . 

As a chronic irritant, syphilis, in the form of syphilitic glosMtis, i- 
a predisposing factor in all of the anatomic varieties of cancer ot the 
oral cavity proper. Wassermann tests, made in thirty-eight of mil 
cases, gave positive results in six, or 15 per cent. 


differential diagnosis 


The differential diagnosis is not ordinarily difficult. In all of tin- 
cases in which cancer of the oral cavity is suspected, a biopsy should 
be made at the time of the first examination in order to verity ‘the 
clinical diagnosis. 

The diseases other than cancer which most commonly present 
ulcerated lesions of the buccal mucosa are syphilis, tuberculosis, super- 
ficially ulcerated or fissured leukoplakia, herpes and simple granulomas 
(trauma, Vincent’s angina and so on). 

Syphilitic lesions may exactly simulate cancer in their clinical appear- 
ance. A correct diagnosis is obtained only if repeated biopsies fail to 
reveal the presence of cancer, if the Wassermann reaction is positive 
and if the lesion disappears after two or three weeks of intensive anti- 
syphilitic treatment. A positive Wassermann reaction alone does not 
disprove the presence of cancer. The two diseases coexist in a large 
percentage of cases. 

Tuberculous ulcers may occur on the buccal mucosa, hut they are 
more common on the tongue. Such ulcers usually present a yellowish, 
unhealthy base, as compared to the coarse, granular appearance of 
cancerous lesions; they are more likely to he tender and painful. The 
diagnosis is made by the aid of biopsy (preferably repeated) which fails 
to show the presence of cancer, roentgen examination of the chest and 
examination of the sputum. Tuberculous ulcers of the oral mucous 
membranes are almost invariably secondary to demonstrable pulmonary 
tuberculosis. J 


Long-standing leukoplakia of the cheek may present superficially 
ulcerated or fissured areas which are prone to undergo malignant change. 
1 issues for biopsy should always be taken from such suspected areas 
Local treatment by irradiation or by cautery should be given in all of 
these cases, despite failure of biopsy to reveal cancerous tissue 

A definite diagnosis of simple granuloma should never be made 

he lT TepCatedly ne f t,ve results ^ biopsy. The biopsy may be with- 
temporanly if there is a history of recent adequate trauma, such 
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as the biting of the cheek, or if a painful, tender ulcer, such as those 
present m herpes or in Vincent’s disease, suddenly appears. If such 
an ulcer persists longer than two weeks, a biopsy is definitely indicated. 

PATHOLOGIC LESIONS 

By histologic examination, cancer of the cheek is found to be 
epidei 'moid carcinoma in 95 per cent of the cases. Adenoid tumors may 
arise fiom minor salivary glands of the buccal mucosa. One case of 
myxosarcoma occurred in the present series. In table 1 the distribution 
of the histologic types of carcinoma of the cheek among the successful!}' 


Table 1. Distribution of Ninety-Nine Cases of Cancer of the Check on the 
Basis of the Histopathologic Type and Malignancy of the Neoplasm 
and the Number and Percentage of Cures 


Type of Cancer 


Number of Cures at End of 
Cases Five Years 


Epidermoid carcinoma, grade I.. . 
Epidermoid carcinoma, grade If.. 
Epidermoid carcinoma, grade III 

Adenocarcinoma 

Myxosarcoma 


SS 35 (39%) 

53 31 (20%) 

3 0 

■1 2 

1 0 


Total number of cases of ail types. 


00 


2S 


and the unsuccessfully treated groups is recorded, and the prognostic 
significance of tumor grading is indicated. It is to be noted that 39 per 
cent of grade I tumors were controlled for five years or longer, hut 
that only 20 per cent of grade II tumors so responded. 


SYMPTOMS 

In common with all types of cancel*, carcinoma of the cheek is essen- 
tially symptomless in its early stages. It first appears as a small, 
ulcerated, indurated mass, which may or may not protrude above the snr 
face of the mucosa. Unless the lesion begins in the center of the chee *, 
the tendency is toward an early invasion of the upper or the |°" c ^ 
jaw, the lateral pharyngeal wall or the palate. It seems that, viti tie 
assistance of the acute tactile sense of the tongue, the presence o a 
roughened area or ulcer on the sensitive mucosa of the cheek s iou (. > c 
easily noted, but such signs are at first almost always disregarc cc , <ui 
the patient thinks that he has unconsciously bitten his cheek or t iu 
has a “canker sore.” By one who is careless of oral hygienic care, 
irritation of a sharp tooth is as complacently disregarded anc nc T^' c 
as are the decay and loss of the teeth themselves. In on } a )m 
cent of the cases in our series was the primary lesion, at t x '' 
admission, less than 2 cm. in diameter, and m about 30 per cen 
between 3 and 4 cm. About one third of the patients repor t 
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ness” as the first symptom, which indicates that no particular attention 
was paid to the prc'sence of the lesion until it was tar advance, and deep 
Assuring infection or even sloughing had occurred. 1 lie other two third 
of the patients complained of no symptom but the presence ot u. 

lesion. - 

The average duration of the symptoms, according to the statements ot 

the patients, was nine months, and in only eighteen cases ( IN per cent .1 
did the history of symptoms cover less than two months. In two ca-es, 
the patient had sought medical advice because of enlarged cervical, nodes 
In one of these cases a biopsy bad been made on material from a 
cervical node, after which the patient was referred to the Memorial 
Hospital with the diagnosis of ‘‘squamous carcinoma of the neck." 1 he 
mouth was in a fetid condition, owing to a massive, Umgating. necrotic 
tumor of the cheek, which the patient had apparently not considered 
worthy of mention. 

Table 2. — Local Extension of Carcinoma of the Cited: ot the lime of 
Admission in a Series of Xincly-Xinc Cases 


Locution ol Kxt<n-ion Nmiil«r«i{ «‘a»r« 

Upper jaw alone ' 

Loner jaw alone 1- 

noth upper and lower jaws s 

Mucosa over ascending ramus ol mandible 11 

l"pper jaw and tnuco=a over ascending rnnnw of imindildv 4 

Lips n 


Total number of extensions 


id 


Direct extension of the primary lesion into the adjacent soft parts is 
common and may occur early in the course of the disease. In sixty-one 
(61 per cent) of the cases at the time of admission extension had 
taken place beyond the mucosa of the cheek, as indicated in table 2. 

This early tendency toward the invasion of the neighboring struc- 
tures suggests at once the unsuitability of the disease to surgical mea- 
sures for the control of the primary lesion and it explains the indifferent 
surgical results reported in the literature. Extension to the lower jaw 
alone or to the lips might be dealt with by extensive surgical procedures, 
but the involvement of the lateral pharyngeal wall or of the 
palate offers little chance of control, even by the most extensive surgical 
intervention. 


As the tumor enlarges, it becomes fissured and necrotic from the 
trauma involved in stretching the cheek and in biting during mastication 
ufection takes place, followed by swelling of the cheek and tenderness 
or pain. As the cheek becomes infiltrated by the growth and as infection 

, ' ° pS * d 'f' Clty 13 lost - and mastication and the opening of the 
mouth are interfered with. If the growth is located posteriori ® so that 
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the infiltration and the infection occur in the neighborhood of the 
pterygoid and temporal muscle and their tendons, trismus ensues The 
tumor may fungate into the mouth and form an oozing, sloughing, fetid 
mass, or it may perforate the cheek and appear externally on the surface 
of the skin. Extension may occur, either early or late, to the upper or 
the lowei jaw, backward into the pharynx or anteriorly into the angle 
of the mouth or into the upper or the lower lip. Unless the disease 
invades the upper or the lower jaw, through sockets of teeth, invasion of 
the bone is apt to be a late manifestation, for the normal periosteum is 
resistant to the local extension of a carcinoma. In the untreated patient, 
the tumor usually tends to perforate the skin of the cheek and extend 
directly to the upper and the lower jaw. 

Eventually, local infection, pain and trismus appear. Metastasis to 
the submaxillary lymph nodes with mixed infection complicates the 
clinical course. Hemorrhage from erosion of the internal maxillary or 
facial artery may take place. Death ensues from a combination of 
causes: infection, pain, malnutrition and hemorrhage. As is the case in 
most forms of intra-oral cancer, the disease usually causes death with- 
out progressing below the clavicle. 

METASTASES 

Metastases tend to occur comparatively late in the course of the 
disease. In this series, despite the fact that the average duration of 
symptoms prior to admission was nine months, fifty-six patients (56 per 
cent) had no palpable nodes at the time of admission. In at least 
fifty-one (51 per cent) but in not more than fifty-six, metastases devel- 
oped at some time during the course of the disease, and in all but eleven 
of these the submaxillary lymph nodes only were involved. In all hut 
one of the patients with metastases occurring beyond the submaxillar} 
triangle, the primary lesion was posteriorly located and had extended 
backward into the tonsillar region, and the metastases had occurred to 
the upper deep cervical nodes. 

With the exception of the eleven cases just mentioned and of one 
to be noted later, the disease did not extend beyond the submaxi arj 
triangle, and it was controlled or the growth was limited to the cice '« 
the contiguous structures and the submaxillarv triangle at the tunc 
death. In two cases, there was metastasis bilaterally to the submaxi ar> 
triangle; in each of these instances extension, anteriorly, hat ta m pace 
across the midline into the upper lip. In one case of bilatera met ■ ■ • 
death was due to metastasis to the liver (observed at autops) , 
another, in which the primary lesion was situated posterior}, " Kt * 
metastases occurred to the skin of the thoracic wall, fo o\ung a 
dissection for the involvement of the submaxillary ant t ie tippe 
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cervical Ivmph nodes. In these two cases appeared the only vxtviwm- 
below the clavicle. As a general rule, the disease does not extend 
beyond the submaxillary triangle, an observation «t great importume in 
dealing with metastases to the nodes of the neck. Its mkihIh.hu c 
further discussed in connection with the treatment. 


TREATMENT 

We are of the opinion that the most successful treatment of 
carcinoma of the cheek is by a combination of irradiation and surgical 
intervention. From the published results, it appears that surgical treat- 
ment alone is far less successful in this disease than in cancer of the 
lip and of the tongue. We shall subsequently discuss the surgical 
aspects at greater length. 

Table 3. — Occurrence aiirf 7'rfofmcnf of Metastases in S incty-.\ inr 
Cases of Cancer of Ihe Chech 


Patients with metastases; 

Present at time ot admission 

Appearing alter time ol admission 


Total M 

01 passible later occurrence in patients who died ot tlie dlwn.c tint wire 

not continuously observed 

To submaxillary triangle only < fl 

To submaxillary triangle, upper decji cervical nodes or l<eyon<l 11 

Bilaterally to submaxillary triangle - 

Below clavicle - 

Metastases present at some time during course ol disease in twenty. 

eight successtully treated patients P Ui;','r) 

Treated by irradiation and neck dissection c. 


Treated by irradiation alone (external Irradiation and by implants ol 
radon) 


At the outset, one should decide whether the treatment is to be an 
attempt at cure or to be merely palliative. In the case of far advanced 
disease, any attempt at cure usually increases the suffering and shortens 
hfe. If treatment by irradiation is instituted, the quantity of radon in 
the implants necessary to produce complete regression is practically 
m direct proportion to the volume of the neoplastic mass, and the sur- 
geon must first decide whether a curative dose of this size will be 
reasonably well tolerated by the patient. 

In the treatment of cancer of the cheek, three distinct problems 
must be considered: the hygienic care of the oral cavity before and 
during the treatment, the treatment of the primary lesion and the 
management of the cervical metastases. 


General Hygiene Measures .-In most instances, the hygienic condi- 

temno i °T ^''V 5 P °° r ’ aml thiS COm P iicatio » » always increased 
temporarily during the treatment by irradiation. Decayed or sham 

eeth, coated with epithelial debris, are almost always present. P 
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Before instituting treatment, prompt measures must be taken to 
improve the oral hygiene. A sharp tooth, especially if in contact with 
the lesion, should be filed smooth or possibly extracted, but the whole- 
sale extraction of teeth should be avoided, as the attendant laceration 
of the gums temporarily increases oral sepsis and delays treatment. The 
extraction of teeth following heavy irradiation is so commonly followed 
by osteomyelitis that in spite of the chances of the local spread of the 
disease we often advise the extraction of a limited number of con- 
demned teeth. 

In all of the cases, the surfaces of the teeth should be thoroughly 
cleaned by a dentist, and the patient instructed in the use of a tooth- 
brush, with which he is apt to be unfamiliar. As a mouth wash, compound 
solution of sodium perborate, should be used, and copious irrigations 
with saline solution are of great value until the reaction from irradiation 
has subsided. We usually insist on daily* visits to the clinic during the 
first few weeks of treatment, at which times the oral cavity and the 
interstices between the teeth are cleansed with a power spray of surgical 
solution of chlorinated soda, U. S. P. A vigorous combating of the oral 
sepsis is of great value in conserving the general strength and the 
nutrition during what may be a trying period. 

Treatment of the Primary Lesion . — The primary lesion should be 
treated almost entirely by irradiation. In the series here reported on, 
the plan was first to give one application of external irradiation. In 
most cases, roentgen radiation (200 kilovolts and a filter of 0.5 mm. of 
copper and 1 mm. of aluminum) was given to the affected side in a 
dosage of from 600 to 700 r units (roentgens) at a distance of 50 cm. 
The skin portal included the primary lesion and the submaxillary 
triangle. In a few cases, the radium element pack was used to deliver 
about the same skin dose at a distance of 6 cm. This dosage uas 
ordinarily a little more than 1 skin erythema dose; by this means, a dif- 
fuse depth dose was delivered both to the primary lesion and to an} 
possible metastasis. Following this, a tray with an area of 20 srj. cm., 
and a filter of 2 mm. of brass, at a distance of 3 cm., was applied 
externally to the cheek opposite the primary lesion, and a dose 
of from about 2,500 to 3,000 millicurie hours given. I i'-s 
application was directed chiefly locally to the base of the priiuan e.sion, 
as it were, attacking it from beneath. These two procedures n t'c 
use of external irradiation are almost always applicable, an uc 
employed more or less as a routine in our technic. At the present time, 
we give the external radiation through the cheek to the prmwr} c - 
in multiple divided doses, but since this technic was not usee in 
series reported here, it is not described in detail at this point. 

Follorving external irradiation, interstitial irradiation was crop 
in the form of gold implants (with a filter of 0.3 mm. of go ( . . 
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were inserted into the primary leston. With tins met!, ml "1" 
implants, rather than needles, owing lo the difhcnlty or olten tin 
impossibility, of maintaining the latter in position m a thm or a t ragi it: 
mass After a careful measurement of the primary lesion with t.iltjH rs. 
an applicator dose of gold seeds is prescribed, which delivers Irma / to 
10 skin erythema doses to the neoplastic mass (table 4). In this 
measurement, the mass is considered as a sphere the diameter of which 
is equal to the longest diameter of the primary lesion. In growths ot 
very irregular shape, two or more adjacent or overlapping spheres may 
be "considered, and the dose for each calculated separately. A more 
detailed discussion of this method for the calculation of the dosage has 
been published by one of us (Dr. Martin 4 )- The number of milli- 
curies of radon in the gold implants necessary to produce the specific 


Table 4. — Millicuries of Radon in Gold Seeds Required lo Pel uvr Sfeeifted 
Skin Erythema Doses to Tumors oj Various Diameters 


Dlnmrtcr ol Mnvs, Cm. 

1.0 1.5 2.0 2.5 3.0 3.5 1.0 4.5 5.0 0.0 7.0 SO 


Erythema Milltcurlo? of Ration 

1.. 0.2 0.5 0.8 1.3 2.0 2.1 2.!) 2.1 1.0 5.4 7 0 

2 0.4 1.0 1.0 3.0 4.0 4.8 3.S 0.0 S.O 11 1* 1' 

3 0.0 1.5 2.4 1.5 0.0 7.2 S.7 10 12 10 21 27 

I 0.8 2.0 3.2 0.0 S.O 9.0 12 14 10 22 V TO 

5 1.0 2.5 4.0 7.5 10 12 14 17 20 27 45 

0 1.2 3.0 4.S 9.0 12 14 17 20 21 22 42 M 

7 1.4 3.5 5.0 10 14 17 20 24 2' 2' 49 <•'. 

S 1.0 4.0 0.4 12 10 19 23 27 22 42 50 7“ 

9 1.8 4.3 7.2 14 IS 22 20 31 20 4ft 0.3 -I 

10 2.0 5.0 8.0 15 20 2 4 29 34 40 51 70 

II 2.2 5.5 8.8 17 22 20 32 37 44 59 77 99 

12 2.4 0.0 9.0 IS 24 29 33 41 4S 05 84 10- 

13 2.0 0.5 10 20 20 31 35 4 4 52 70 91 117 

14 2.8 7.0 12 21 25 34 41 4S 50 70 yy, 

3.0 7.5 13 23 30 30 44 51 00 81 105 135 


tissue doses in masses of various diameters are given in table 4. All of 
the irradiation should be completed in from seven to fourteen days. 

The technic just described is designed for the primary lesion as 
usually seen, and in these cases, except for the hygienic care already 
mentioned, no further therapeutic measures are taken. 

In this series, the largest dose of radon gold seeds given to a sucess- 
fully treated patient was 20 millicuries. The doses most frequently used 
with success ranged between 8 and 16 millicuries (figs. 1 and 2) ' 

In certain instances, often not in the most malignant cases the 
growth tends to fungate into the mouth rather than to infiltrate the 
cheek deeply In such cases, the period of convalescence is shortened 
1 the *" mor ™ ss »” 9 k level of the mucosa by actual cautery 

- Ti ““ ' n 
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proc«iu,r the°i, nnL*rare 0ll0 "" nS M ” ,terStitiaI i^diation. By this 

XT™ 


As already mentioned, at the present time we are giving the external 
,, rad, at, on through the cheek to the primary lesion fa nmlti' e dh d 
doses of roentgen radiation, rather than by the use of the iingle do* 
f 1 oentgen rays and the radon tray. About 2,500 to 3,500 r units are 
given m from ten to fifteen divided doses over a period of from two to 
thiee weeks, with a circular skin portal 7 or 8 cm. in diameter. We are 
o the opinion that this technic is of great value, since the primary 



Fig. 1. — A, squamous carcinoma of the cheek, grade I, diagnosed at biopsy. 
Treatment was administered by a radon tray, with an exposure of 3,000 niilli- 
curie hours at a distance of 3 cm., and by the implantation of 15 radon gold 
seeds of 20 millicuries in the primary lesion ; B, complete healing of the lesion 
with no recurrence of the disease after five years. 


lesion often diminishes marked^' in size and requires a lesser dose o! 
radon seeds than would otherwise be required. The decision as to 
when the external irradiation should be discontinued and the seeds 
implanted must be guided by clinical experience, but the implantation 
should follow almost immediately the external irradiation. Wc lime in 
a few instances obtained complete regression of the primary lesion m 
the cheek by divided doses of roentgen radiation alone: usual!}, bow 
ever, the growth is too resistant to the roentgen rays for -success u 
control by that method alone, and in most cases we advise against t a 
attempt. 


MARTIN-PFl'UHGllR—CAhCkh 01 CUU-h 

5'1 one treatment by external irra.liation to .be cere, cal rcgmu. 
foUorving which no further treatment it. give., to the neck »»..! «>»" 
palpable evidence of the presence of metastases ..pptnrs. 

We are opposed to prophylactic neck dissect,™. , * I >c _vali«l.t> 
of this view is evident front the statistical data ..blamed 
°his study. In at least 44 per cent of the cases mctar Uses 
developed at no time during the course of the disease, and ... hftc.ii 


Fig. 2. — A, squamous carcinoma of the cheek, grade II, diagnosed at biopsy. 
Treatment was administered by a radon tray, with an exposure of 3,000 mini- 
curie hours at a distance of 3 cm., and by the implantation of radon gold seeds 
of 5 millicuries into the primary lesion ; B , complete healing of the lesion with 
no recurrence after five years. 

cases death is known to have occurred from local extension of the 
disease, but without metastases. Of the twenty-eight successfully 

4a. By neck dissection we mean the removal of all lymph node-bearing tissue 
between the skin and the deep muscle fascia of the neck from the lower edge of 
the mandible to the clavicle and from the anterior border of the trapezius to the 
midline of the neck, including the submaxiliary salivary gland, the sternocleido- 
mastoid muscle, the superficial veins and the jugular vein. By submaxillary dis- 
section we mean the removal of all lymph node-bearing tissue between the skin and 
the deep muscle planes of the submaxillary triangle, including the submaxillary 
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treated patients twenty-four (85 per cent) were without palpable nodes 
at the time of admission. Of the twenty-four, five (20 per cent) 
presented metastases within from three months to one year. In no 
case did metastases develop later than one year following the control of 
the primary lesion. Of the fifty-six patients presenting no metastases 
at the time of admission, among whom are included both those success- 
fully and those unsuccessfully treated, in only eight, or 14 per cent, 
did metastatic nodes of the neck appear later. Routine prophylactic 
neck dissection would therefore have necessitated fifty-six operations in 
order that possible benefit might result in eight cases. It appears that 
no further proof is required to demonstrate the lack of justification for 
the employment of prophylactic neck dissection in cases of cancer of the 
cheek. 


If metastases are present at the time of admission, our usual pro- 
cedure is either to perform a neck dissection after the control 
of the primary lesion or to insert gold seeds after the sur- 
gical exposure of the nodes by a short incision through the skin and 
superficial tissues only. This exposure permits a more accurate mea- 
surement of the node, which -is essential in the determination of the 
dosage and, furthermore, permits an accurate placement of the implants. 
Quick 5 has published the technic which we employ in the combined 
surgical and radiologic method of treatment of metastatic nodes of the 
neck. Neck dissection or any extensive surgical procedure is 
to be avoided, if possible, during the aggressive irradiation of the 
primary lesion. If metastases appear for the first time, or additional 
nodes become palpable after the subsidence of the reaction from radi- 
ation in the cheek, we have, in the past, performed a submaxillary dissec- 
tion on the affected side. In this series, we performed dissections of the 
cervical nodes in twenty-three cases. In six of these, there was no 
recurrence, either in the cheek or in the neck. In twenty-eight cases the 
metastases were treated by irradiation alone in the form of external irra 
diation and radon seeds inserted either through the skin or a ter 
limited surgical exposure. In seven of these complete regression wit 1 
out recurrence took place, although four patients died of local extensiot 
of the primary lesion. Since the specific form of therap) or 
surgically treated and irradiated groups of metastases was close 
to suit the particular case, we do not think that the staff- • 
just cited necessarily present a fair picture of the relative merits 
surgical treatment and irradiation. The cases chosen for nee < 
section were those in which the primary lesion u as tm 
control and in which cervical nodes were freely mova > c urn 

5. Quick, D. : Interstitial Radiation in Metastatic Cervical Nodes of -1 ' 
moid Carcinoma, Ann. Surg. 93:380. 1931. 
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able The metastases which were treated by irradiation only in m-t 
cases were fixed and inoperable or occurred in those patients «» whmn 
the primary lesion was extensive. In the patients treated pnlhatively. nl 
of the metastases were given irradiation only. Ot late, we hate tnidM 
to depend more on the use of interstitial implants tn the treatment ot 
enlarged nodes of the neck. 

It should be realized that in many of the moderately advanced ca v es, 
in which the average age is about 60. the general condition of the patient 
may necessitate wide variations in management. Invasion of the mandi- 
ble" by the primary lesion or the attachment of metastases to the bone, 
may require resection of a portion of the mandible. 1 his was done in 
two of the cases. If a submaxillary node lias not perforated it'- 
capsule but has become definitely attached to the mandible, it may often 
be removed with the attached bone by the excision of the crescent- 
shaped portion of the mandible only. Severing of the continuity of 
the mandibular arch is thereby avoided. 


COMPLICATIONS 


In case of hemorrhage from erosion of the facial artery by an 
extensive uncontrolled primary lesion, ligation of the external carotid 
artery may be necessary. 

Local necrosis of the soft tissues of the cheek sometimes follows 
heavy irradiation. It seldom extends through the entire thickness of 
the cheek, and if the growth has been controlled it does not seriously 
alter the end-result, although it may delay healing. Local necrosis in 
this series was not definitely associated with the use of large (loses of 
radon implants, and we are of the opinion that the most common causes 
of local breaking down of the tissues are the poor distribution of the 
implants and the unnecessary introduction of infection during the pro- 
cedure of implantation. In certain cases, local necrosis of the check- 
followed the neck dissection, during which the facial artery is always 
severed. 


Osteomyelitis of the mandible may follow the heavy irradiation of 
extensive disease in the lower gingivobuccal gutter or its extension to 
the lower jaw. If osteomyelitis does not involve the entire cross- 
section of the mandible, conservative treatment is indicated, awaiting the 
separation of the sequestrum. If osteomyelitis has involved the entire 
cross-section of the lower jaw, resection of a portion of the mandible 
may be indicated. The operation is performed through the mouth 
without skin incisions ; external scarring and injury to the facial nerve 
are thereby avoided. The procedure is followed by less deformitv than 

Ilf t,,e a "" ri0r P or,io " » f «»■ mandibular arcl, and 

the anterior attachments oi the two digastric muscles can be spared 
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In resecting a portion of the horizontal ramus, we remove as well 
the ascending ramus, which, if left by itself, is a mechanical nuisance 
and delays healing. We have considered that operations of bone graft- 
ing were seldom applicable within the five year period following the 
treatment of such a lethal disease as cancer of the cheek. 


PROGNOSIS AND RESULTS OP TREATMENT 

Morestin stated that carcinoma of the cheek has the worst prognosis 
of any of the intra-oral cancers, whereas New 6 7 and Brewer 8 have even 
declared that its malignancy is exceeded only by that of melanoma. 
With these opinions we cannot agree. Polya 9 expressed the opinion 
that cancer of the cheek is more malignant than that of the lip but 
less malignant than that of the tongue. Under proper treatment, the 
prognosis of carcinoma of the cheek should be about the same as that of 
cancer of the lip, were it not for the fact that cancer of the lip is 
usually discovered earlier in the course of the disease, with a consequent 
lessened chance of metastases and with the primary lesion more 
amenable either to irradiation or to surgical treatment. This advantage 
is somewhat counterbalanced by the tendency of metastases from cancer 
of the lip to advance bilaterally or beyond the submaxillary triangle. 
Carcinoma of the cheek metastasized beyond the submaxillary triangle 
in only about 10 per cent of our cases, but the primary lesion is usually 
more advanced and is not so accessible either to surgical measures or to 
irradiation. Histologically, cancer of the cheek and that of the lip are 
similar. 

As compared to cancer of the lip and of the tongue, 
there are relatively few strictly surgical observations and statistics on 
cancer of the cheek in the literature. The few surgical statistics 
which have been published are incomplete and unsatisfactory as to the 
period of observation and the method of the selection of cases. From 
surgical treatment alone the only results at the end of five years which 
we have been able to find reported are those of Simmons, 10 who, from 
a selected group of thirteen patients in all of whom there were no 
metastases at the time of admission, reported six patients (48 per cent) 


6. Morestin, H. : Cancer de la joue, Rev. gen. de clin. et de th crap. H- 

51 6, 1900. . r n „ r 

7. New, G. B.: The Use of Heat and Radium in the Treatment o a 

of the Jaws and Cheek, J. A. M. A. 71:1369 (Oct. 26) 1918, 

8. Brewer, G. E. : Carcinoma of the Lip and Cheek, Surg., Gynec. w 

36:169, 1923. „ , „ , 

9. Polya, E. : Technique of Operations for Carcinoma of the Bucc. ■ 

Membrane, Surg.. Gynec. & Obst. 43:343, 1926. t 26 : 

10. Simmons, C.: The Treatment of Oral Cancer, Am. J. Rocntt, 

5, 1931. 
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as living and free from disease after five years. Simmons’ repart 
would have been of real value had he included the results m the pat.cnts 
with metastases at the time of admission as well as those m the patient- 
with cancer in hopelessly advanced stages. 

Steiner’s 2 report, published almost twenty years ago. included a 
of thirty-three consecutive unselected cases. Seventeen of the 


series 


patients were operated on. and three (9 per cent) remained free trom 
disease for three years. At various times. Morestin " reported twenty- 
six cases with operation, with three (11 per cent) of the patients free 
from disease for three years. Boyd and Unwin 12 reported that four of 
ten patients were apparently cured three years after operation, lhe 
following authors reported a total of seventy-nine cases with no cures: 
Warren, 13 eight; Brewer. s eleven; BradfieldW seven, and Davis.' fifty- 
three. All the aforementioned reports, except Steiner’s, were based 
on groups of cases selected because of operability, and arc therefore of 
no value from the comparative standpoint. 

The published results obtained from irradiation, or from a combi- 
nation of irradiation and surgical intervention, arc much more encour- 
aging. Schreiner and Simpson. 1 ' using irradiation only, reported thirty 
cases, among which were six cures (20 per cent) at the end of five 
years. Regaud 18 reported 19 per cent of cures at the end of five years 
among forty-seven patients treated by irradiation, and BervcnW twenty- 
one among eighty-one patients (26 per cent) who were free from dis- 
ease for five years or longer. 

The results obtained in the ninety-nine eases of tin’s study arc tabu- 
lated in table 5. Of the entire group, twenty-eight patients have now- 
been free from disease for from five to eight years. 


11. Morestin, H. : Cancer dc la commissure labiale et de la jouc: Ablation 
avec resection d'une moitie du maxillaire inferieur: Autoplastic, Bull, ct niem. 
Soc. anat. de Paris 78:476, 1903; Cancer de la joue, ibid. 80:454, 1905: Xcuf 
cas de cancer de la joue, ibid. 81:98, 1906; Resultats eloignes d'opcrations pour 
cancers de la face interne de la joue. Bull, et mem. Soc. d. chirurgicns de Paris 
31:1058, 1908; Cancer de la joue, ibid. 39:1186. 1913. 

12. Boyd. S., and Unwin, W. H. : On a Series of Cases of Cancer of the 
Mouth and Fauces, Practitioner 72:397, 1904, 

13. Warren, J. C.: Cancer of the Mouth and Tongue, Ann. Surg. 48:481, 


14. Bradfield, E W. C. : Anoci-Association and Cancer of the Cheek, Indian 
»M. Oaz. 19:141, 1914. 

13_ Schreiner, B F., and Simpson, B. T.: Five Year End-Results of Radia- 
t.on Treatment of Cancer of the Oral Cavity. Xasopharvnx and Pharvnx Radiol 

Rev. & Chicago M. Rec. 51:327 (Aug) 10?9 ' . Kadiol. 
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These figures were based on a representative group of patients with 
carcinoma of the cheek admitted to the Memorial Hospital. In this 
gioup aie included the patients with advanced disease who were admit- 
ted for palliative treatment and for observation. In about 70 per cent of 
the cases with fatal outcome, the patient died within one year after 
the fit st symptom, death in one instance occurring within four months. 
The case of longest duration among these patients was one of two and 
one-half years. 

1 he primary lesion was controlled in forty-six cases, or in almost one 
half of the total number, so that the patients either remained free from 
disease or died of metastases without the local recurrence of the primary 
lesion. With the exclusion of the cases of advanced disease in which 
palliative treatment only was given, we succeeded in controlling the 

Table 5. — Results at the End of Five Years in the Ninety-Nine Coses 

of Cancer of the Cheek 


Status of Patient Number 

Dead as result of cancer of cheek 5" 

Dost track of with disease (probably dead) 3 

Living with recurrence of primary Jcsiod 1 


Total number of failures in treatment ® 

Indeterminate group 

Dead as result of other causes and without recurrence : 

(two after one year; two after two years and one after four years) 

Lost track of, without recurrence 0 

(one after one year; one after two years, and one after four years) 

Total number of indeterminate results s 

Total number (99) minus those of indeterminate group 

Tree from disease alter from f ire to eight years 

Cures after five years 30 per cent. 


primary lesion in forty-nine of sixty-seven (73 per cent) attempts at 
cure. It is therefore evident that once the disease has metastasized to 
the neck, its control becomes far more difficult. 

Although the 30 per cent of cures at the end of five years is not 
satis factor}', it is a marked improvement over the results noted in most 
surgical statistics. Surgical intervention in carcinoma of the cheek is 
distinctly a major procedure. The operative mortality is high (Steiner, 
11 per cent; Warren, 25 per cent). Morestin. Davis, Brewer, Steiner. 
Polya and others described extensive plastic operations which inc w e< 
the excision of all of the soft parts of the cheek, as well as a sn > 
maxillary dissection. All of these writers emphasized the ncccs.i 
of wide removal of the soft parts of the cheek. The deform it} is 
and ankylosis of the jaws from cicatricial contraction of the c ict ' - 
common. To avoid this complication. Morestin and Warren * ccot1 
mended excision of one-half the mandible in all of these ca.c., 
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the former stated that in one case of early cancer of the cheek, tin- 
extent of the operation which he performed "provoked a veritable stupor 
in the assistants and in the patient’s own physician.” The outcome was. 
however, successful, and at the time of the report, the patient had been 
cured of the disease for two years. 

In our opinion, the most successful method of treatment of cancer 
of the cheek is a combination of irradiation and surgical intervention. 
The treatment of the primary lesion and of the cervical metastases 
should be considered as separate problems. Irradiation is preferable to 
surgical treatment for the control of the primary lesion. 

Prophylactic neck dissection is not justified. The method of treat- 
ment of cervical metastases should be selected to suit the individual 
patient and may be by surgical means alone, by irradiation alone or by 
a combination of the two procedures. 

SUMMARY 

1. An unselected series of ninety -nine cases of cancer of the cheek 
is subjected to critical analysis. 

2. The methods of treatment employed are discussed in detail. 

3. The net results at the end of five years show 30 per cent of the 
patients living and free from disease. 



OSTEOGENESIS 
an experimental study 


J. DEWEY BISGARD, M.D. 

OMAHA 

1 he genesis of bone, the palimpsest of the evolution of man, remains 
to this day undetermined and a subject of much controversy. This 
controversy involves not only the fundamental problems of the chemical 
processes of ossification but also its histogenesis. Without established 
knowledge of the role (if any) played by tissue cells in the laying down 
of bone and of the specialization required of cells for such a function, 
the part played by such tissues as the periosteum, endosteum, cartilage 
and granulation tissue can only be conjectured. However, I have pre- 
sented experimental results which indicate that the periosteum is par- 
ticularly conducive to the deposition of new bone on its cambium surface. 

Probably no other problem in histologic physiology has been inves- 
tigated so extensively and has given rise to more conflicting results. 
From a review of the literature, it is apparent that much of the conflict 
and confusion has arisen from the error of making direct comparison of 
experimental results without adequate appreciation of the wide differ- 
ences in osteogenic response brought about by the multitudinous 
minor individual variations in experimental procedure. Among the fac- 
tors which exert great influence are: (1) the age of the subject, (2) 
the type of bone (spongy or dense), (3) the nutrition of both the bone 
and the periosteum (the normal variations in different parts of the body 
and the changes brought about by experimental procedure), (4) the 
operative technic used in the handling of the tissues (hemostasis, tiauina, 
etc.), (5) the extent of the stimulus resulting from function and (6) 
the degree of immobilization. Evidence of the influence exerted 1)) 
some of these factors has been brought out in my investigation. 

METHOD AND MATERIAL 

With one exception, young dogs were used for all experiment.^ 
One old animal was utilized to demonstrate the influence of tie ag ' 
of the subject on the osteogenic response of the tissues. , 

All observations were made on the ribs and their cartilages <u ^ . 
the costal periosteum and perichondrium, for the following reason. 

1. Each costa! arch is a dispensable individual unit which C!>n ‘ 
removed in its entirety without causing appreciable disfunction. 

From the Department of Surgery, University of Michigan. 
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tlK amc reason and on account of the nmlli|.Mv of the til-. '' 
possible to utilize cadi animal lor several experiments. 

2 The rich blood supply of both the rib and its perm-tenm and 
the cancellous structure of the rib provide circumstances of 'tu, tally 
favorable to osteogenesis. 

3. Continuous respiratory excursions and stresses after operation 
contribute uninterrupted functional stimuli to osteogenesis. 

The operative procedures were carried out with ether ane-the-ia 
and with rigid aseptic surgical technic. Although each 'log w:v the 
subject of several experiments, each procedure was performed inde- 
pendently of the others, through a separate incision, one costal segment 
always being left undisturbed between the operative sites. 

All of the wounds healed by primary intention. The animals weie 
killed from sixtv-five to ninety-three days after operation and the 
hemithoracic walls which were operated on were removed m masse ; 


roentgenograms were made, and the individual specimens were removed 
for gross and microscopic study. 

Since each experimental procedure was repeated in two or more 
dogs, and since more than one experiment was carried out in each 
animal, each problem and its results will be presented in logical 
sequence, and a brief protocol for each animal is given in tin- 
accompanying table. 


THE PERIOSTEUM. IS IT ONLY A UM1T1NC. M KM PRANK ? 


In each experiment the periosteum was elevated carefully from the 
rib with a dull instrument in an effort to obtain cleavage which would 
not detach small fragments of bone with the periosteum. Care was 
exercised to obtain good liemastasis, to avoid damage to the intercostal 
blood vessels and nerves and to minimize trauma of the periosteum. 

Experiment 1 (dogs 70, 71 and 72).— Subperiosteal removal of the 
entire rib. 


In each of these dogs an entire rib was removed suhpcriostcally ; 
it was disarticulated from the vertebra posteriorly and from the costal 
cartilage anteriorly, leaving the periosteum undisturbed except for the 
excision of a long, narrow strip for use in the control experiment 
described subsequently (experiment 9; diagram 1. fig. 1). 

Roentgenograms of the specimens obtained eighty-five days after 
operation are reproduced in figure 2D, ZC and 4 B. I„ each instance 
a large quantity of new bone was deposited in the periosteal bed 

Tf 5 ,7 7 'l* OT,|!i,ml rib ' Thc Steaks in continuity shown 

figure 4 B probably represent fractures of the newly formed rib 

both grossly and mtcroscoptcally there was a continuous ribbon of 
new hone extend, „g from the costal cartilage to within a short dlsd ,,c 
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of the vertebra. The regenerated rib was thin and irregularly nodular 
and consisted of segments with normal costal architecture (fig. 5) 
separated by small segments composed of newly formed cartilage and 
newly formed bony trabeculae. 

Experiment 2 (dogs 17 G and 18 G). -Subperiosteal removal of 
the entire rib and its cartilage. 

do preclude the possibility encountered in the first experiment that 
the i egenerated rib might arise from the costal cartilage the same 
piocedure was repeated in two dogs with the additional resection of 
the costal cartilages. The rib was disarticulated from its vertebral 
attachment and with its cartilage was unsheathed and resected to the 
sternum (diagram 2, fig. 1). 




E3 CARTII.BGE C3R1B PERIOSTEUM PERICHONDRIUM 


Fig. 1. — Diagrams illustrating the technic of several of the experiments: 1, 
experiment 1 ; 2, experiment 2 ; 3, experiment 3 ; 4, experiment 4 ; 5, experiment o , 
6, experiment 6; 7, experiment 7; 8, experiment 11; 9, experiments 13 and 14, 
10, experiment 16, and 11, experiment 17. M or B denotes the muscle or the 

riiltlior horr intnrnneprl i flip nprtnctPffm PTTlI tllP fill. 


(iiiviii. x U) u»iu J. j. y WApeiuuvm » * - 

rubber bag interposed between the periosteum 




A narrow strip of periosteum was resected for use in the conti o 
experiment (experiment 9). 

Both animals were killed eighty-six days after operation. ie 
postmortem roentgenogram of dog 17 (fig- 6 A) shows that the rn 
regenerated irregularly*- and incompletely up to but not hey one t ic 
periosteoperichondrial junction. From this point to the sternum t icre 
is no shadow of greater density than that of soft tissue. . 

Macroscopically, these regenerated ribs were nodular, irregu 
shaped, broader, thinner and more pliable than a normal rib. 1 he I ,L ' n 
chondrial bed had the consistency" and appearance of fascia. * ou lcrt 
did it contain tissue with skeletal rigidity. 
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The microscopic appearance of the regenerated ri1» was essentially 
the same as that described in exjierunent 1. The new hone app:n<ntlv 
had developed both by direct and hv cnchondral ostcogcnc-is. The 
perichondrium consisted of a layer of dense fibrous tissue several tint! * 
its original thickness. In it were small scattered nodules of cartilage 
which, when treated with Mallory's connective tissue stain, proved t<> 
be fibrocartilage. 

Experiment 3 (dog 7). — Subperiosteal resection of the anterior 
half of the rib xvith exclusion of the end of the posterior costal stump. 



") C ;. tHe P ° sU - rior «»tal stump sealed ’ Z mV 17 = % h diagram 

£ «- 0 * <^ =t j; 

«e;r;si f ''f h "■« - ^ 

trs !z m j h L pk ™ •« 

“I*** (diagram 3 fig V) ^ “ - to 

™»> (^S’ 9 °, f PeriOS,eUm ™°™l i m tht contro , rapcn . 
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The duration of the experiment was eighty-five days. As illus- 
trated in the roentgenogram (fig. 2 C) regeneration occurred along the 
entire periosteal bed, but in the area from which the periosteal flap 
had been raised no shadow of bone is discernible. 

Microscopic examination verified these roentgenologic findings. 
The regenerated segment presented a picture similar to that described 
in experiment 1. The old bone of the severed end of the costal stump 
for a short distance posteriorly was necrotic and was undergoing 



Fi°- 3 (dog 71 ). — A indicates the devascularized periosteal bed 1 ( t j 

11 X 1, Uran, 8) ; B, the paries,,™, i). - 

subperiosteal excision of the entire rib (experim ’ j Vagram 6). 

D, the isolated segment of the periosteum (experiment 6, b 

curfrirf* and between 

absorption and replacement by new bone. Over ■ • car( i- 

it and the periosteal flap there were cons.derable nc»l) 

lage and bony trabeculi. f co rtal scy- 

Experiment 4 (dog 72 ).— Subperiosteal reset im 
moot 7 cm. in length; Motion of hath ends of the »b 

flaps. . . r ,f ft ic . n’b "'as c:in ~ 

The periosteal tube between the severer enc pleura and 

fully dissected from the intercostal structures and from 
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divided into two flaps which were turned and sutured tightly over the 
ends of the costal stumps, so that only pleura formed the floor of the 
decostalized bed. The procedure is illustrated in diagram 4, iignte 1. 

A small piece of periosteum was excised tor the control experiment 
(experiment 9). 

The roentgenogram (fig. 4 A) of the postmortem specimen obtained 
eighty-three days after operation presents shadows of newly deposited 
bone covering the severed ends of the rib and complete absence of 
bone in the space intervening between the costal stumps. 

These findings were verified by macroscopic and microscopic 
observations. The microscopic picture is illustrated in figure 7. The 



tlK COM,, ,« 

)one - os teoid tissue and cartilage Tl-T ' , ajCr 0 ncw L v formed 
delimited by the periosteal caps The ”7 f ° rmatio » sharply 
was bridged by fibrous tissue onh betWeen tlle costa > stump's 

a " d * / «. * hM 
™ SST 1 ™ fclSSn Sl "; 1,eriM, “"l'' •>« periosteum 

° nl r P^ra formed floor”, "tf pl<:Ura and 

the rib (diagram 5, fig. i) the £ a P between the 
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for ““ ed a,rf 

A roentgenogram of a sixty-seven day specimen ffi*r « ^ , 
proliferation of new bone nhmit +u * ! , 8 A > shows 

~ f t - 

k er b oin b replacement by creeping substitution. They were capped 



Fig. 5. — A low power photomicrograph of the regenerated costal segment 
referred to in experiment 1. Note the reproduction of the normal costal archi- 
tecture. 


by a layer of new bone which closed the open medullary spaces. 1 here 
was evidence of enchondral osteogenesis. Neither bone nor cartilage 
was found in the tissue intervening between the costal stumps ; only 
fibrous tissue was present. 

Experiment 6 (dog 71 ). — Isolation of a segment of periosteum in 
its normal bed. 

The ends of the periosteal tube which was left after the -sub- 
periosteal resection of a costal segment approximately 7 cm. in length 
were closed tightly around the ends of the costal stumps with enririhng 
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, , <ilk circfutW vlacc.1 w avoid .taw 

s— — 

“ -** i,,r ^ in 

experiment (experiment 9). 



Fig. 6 (dog 17 ). — A indicates the subperiosteal and subperichoudrial resection 
of the entire rib and its cartilage (experiment 2; fig. 1, diagram 2) ; /?, the costal 
stumps only, zenkerized (experiment ISA); C, the transplanted costal segments 
(experiment 18 A) ; D, the transplanted zenkerized costal segments (experiment 
18 C), and £, a costal segment excised post mortem for purposes of comparison 
with the costal stumps of the experimental specimens (the latter in contrast show 
rounded edges from absorption and the deposition of new bone). 


The result of this experiment eighty-five days after operation is 
shown in the roentgenogram (fig. 3 D). Extensive absorption of the 
costal ends had taken place, and in the space intervening between and 
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isolated from the costal stumps there was a well formed segment of 
hone which corresponded to the isolated segment of the periosteal bed. 

On gross examination there were three distinct pieces of bone 
separated by two white scars which stood out sharply on the inner 
surface of the periosteum. 

Microscopically, the ends of the costal stumps contained necrotic 
old bone which was invaded by granulation tissue and was undergoing 
absorption and some newly formed bony trabeculi. On the surface of 



Fig. 7. — A low power photomicrograph ( experiment J ' ^^"rnerl tnckfio.ii 
showing the costal stumps covered with The space (-D 

the decostahzed bed and sutured ^ d periosteum have been entire!) 

between the costal stumps from which both bone : a V ncw Ij0 ne nor car- 

removed is filled with young fibrous tissue • periosteum which 

tilage. Note the new bone between the ends of the rib 

covers them. 

the isolated periosteal segment was a well *^ d fil 5^ v ; th young 

Between it and the ends of the rib there v j foreign body 

fibrous tissue and foci of chrome mflamma ti*m 

giant cells surrounding small bits of si irc< ' f JO. 

of the specimen is shown in the lower illustration U 
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I, is probable itat the foreign W; renew, n ' 

the extensive absorption of the ends "I ">c rtb. 

E»«n» 7 <**. ?7 ™d of •> «• " 

?fn 'C"ub P e™ Sl e=>' resection of 9 cm. of a rib a mu, II rep** «J 

periosteum in the center of the periosteal he. teas let, 

the remainder of the membrane was raise,, trout the pleura and nn.r 



Fig. 8 (dog 78 ). — A indicates a complete resection of both the costal segment 
and its periosteum (experiment 5; fig. 1, diagram 5). 


costal structures and sutured as two pedicle flaps over the ends of the 
costal stumps in diagram 7, figure 1. 

Small pieces of periosteum were also excised for the control experi- 
ment (experiment 9). 

In the roentgenogram of the specimen obtained sixty-seven davs 
after operation (fig. 9 C) there is seen an irregular shadow of nevvlv 
deposited hone in the area occupied by the isolated segment of 

norinefoictii & 



75s 


arg turns on surgery 


TIicm- findings were substantiated by gross examination. 

The ends of the tih were shown by microscopic study to contain 
necrotic bone and trabecnli of new bone, the latter sealing the exposed 
cancellous spaces. New bone and cartilage filled the spaces between 
the ends of the stumps and the periosteum covering them. The space 
between the two stumps was bridged with a layer of fibrous tissue 
containing a small island of new bone (fig. 10./). 

Kxrr.uiMf.NT 8 (dogs 70. 77. 7 8 and IK (I ). — Free transplantation 
of f'eriosteinn. 



Fig. 9 (clog 77).-A indicates both the periosteum a„d f the ^^e^ib^cepi 
zenkerized (experiment 15 C) ; B, a subperiostca rese d c an isolated seg- 

for a small segment (experiment 16; fig. b diagram 10 ). } 
ment of the periosteum, the ends of the costal stumps being sealed 
flaps (experiment 7; fig. 1, diagram 7). 


In four young dogs strips of periosteum to which ‘ 
sutures were attached for identification were transplanted 

spinae muscles. piVhtv-six days 

At postmortem examination from sixty-seven h tw0 w hich were 

later two of the transplants could not be found, b encapsu- 

recovered contained (fig. U ») sma 1 nodules of 
lated in fibrous tissue. In two or three areas t , r specimen 

surrounded by a cone of active inflammatton. In ne,tb 



Fip. 10— The upper illustration is a low power photomicrograph of specimen C shown 
in figure 9 ( experiment 7 ), showing the island of new bone (A) which has been deposited 
on the isolated segment of periosteum between the costal ends (B). The two periosteal 
flaps which were raised from the bed at C to isolate the central segment ( A) can be seen 
scaling the costal stumps (B ) . Note that the new bone has not extended into the deper- 
lostcalized areas (C). The technic is shown in figure 1, diagram 7. The lower illustration 
is the low power photomicrograph of the specimen shown in D, figure 3 (experiment 6). 
Note the islands of new bone (A) in the periosteal bed which was isolated from both 
costal stumps ( B ) , with encircling sutures which sealed the ends of the rib. The opera- 
tive procedure is illustrated in figure 1, diagram 6. 
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ua*- there old hone or evidence to suggest that fragments of hone had 
been transplanted with the periosteum. 'I'here was no cartilage, and 
consequently no direct indication of endochondral osteogenesis. 
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Fig 11.— In o is presented a low power photomicrograph lof P which had 

from'dog 77 (wri— «. In .he =■— < >£ «*£ of „„ bone <» 
been transplanted to the erector sp.nae muscle ^ of the linen thread 

were found. The inflammatory tissue (-4) sur . . jn b are shown 

„L which were buried with ,he transplant » f ” percent 9. Th« 

serial section, of one of the fresh s.nps of 9'™f ™ ” “ 
illustrates the method of investigating the control ma 
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Experiment 9. — Control. 

Some of the investigators who believe that the ^ 

specific osteogenic potentialities have suggested that he 
which is laid down in periosteal beds or on penoste.d train-plant nm 
arise from small fragments of bone winch adhere to and an »« ■in- 
planted with this membrane. In an attentpt to test this contuition an^ 
to obtain as much control data as possible, fourteen narrow str.ps m 
periosteum were excised from the periosteal beds »l eight animal- 
after subperiosteal resection of the costal segments. I hese have been 
noted in experiments 1, 2. 3, 4. 5. 6. 7. 10 and 17. Each strip wa- 
decalcified and cut into innumerable serial sections, and many were 
mounted for study as illustrated in figure 1 1 />. In only one of the tonr- 
teen specimens was hone found. 


THE INFLUENCE OF CERTAIN FACTORS ON THE OSTl'.OOF.N H' 
RESPONSE OF THE PERIOSTEUM 


Experiment 10 (dog 16 G ). — Influence of age. 

Three of the experiments with voting animals reported earlier were 
repeated in an obviously aged dog. 

A. Subperiosteal resection of an entire costal unit, ns in experi- 
ment 2. 


A small strip of the periosteum was removed to lie used in 
experiment 9. The roentgenographic (fig. 12 II). gross and micro- 
scopic examination of the specimen obtained ninety-three days after 
operation showed no evidence of costal regeneration. There was no 
new or old bone or cartilage, the periosteum and perichondrium con- 
sisting of thickened pliable bands of dense fibrous tissue. Compare 
these findings with those reported in experiment 2 and the roentgeno- 
gram illustrated in figure 6 A. 

B. Subperiosteal resection of a costal segment leaving small costal 
stumps. 

In the roentgenogram (fig. 12^) there can he seen no evidence of 
costal regeneration. The periosteal bed consisted entirely of fibrous 
tissue. The ends of the rib contained both necrotic hone undergoing 
absorption and a few trabeculae of new bone on the surface. Compare 
these results with the roentgenographic and other findings reported in 
the experiments with young animals. ' 


C. Free transplantation of the periosteum. 

Three strips of periosteum were transplanted to the erector soinae 
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i>i thread in :i tew areas. 1 here was no hone or cartilage. Compare 
these fmtliiujs with those reported in experiment X. 

Kxi'i utMt n't 11 (dogs 71 and IS Circulatory influence. 
Alter resecting 7 cm. «»f a rih stihperinstcally in each animal, the 
intercostal vessels were ligated 2 cm. distal and proximal to the ends 



Fig. U (dog 16 , an aged animal ).— A indicates a j^erfdiondnal 

long costal segment, leaving small stumps; B, a s ” P erl , . and B complete 


resection of the entire rib and its cartilage. Note m 0 f this old 

absence of eosta. regeneration from the periosteum and costal stuj> ^ ^ pre . 
animal. Compare with similar experiments m >ou . . ^ p free ze nkerized 

ceding roentgenograms. C indicates free costa P 

costal transplants. 


of the decostalized bed. In an endeavot to co n a teral cir- 

blood supply to the part by interrupting a portto. ^ be]mv we re 

dilation, the vessels accompanying the nb abot q{ the resected 

liaated at both extremities in the same plane as 
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segment. The principle oi the procedure is \W*«mvA •« ^ 

^ «s„U eighty-five day* «» 

rr ^ ^ r: 

^oKopwy the =*« - 

I* P L. Xew In* W '-«> : ""’ ”' 

revascularized spaces. 



Fig. 13 (dog 80 ). — A indicates the periosteal bed, curetted and rubbed vigor- 
ously with gauze. Note that the deposition of new bone extends for a short dis- 
tance beyond the end of the anterior stump and that the rest of the decostalized 
bed contains only one small island of bone. B indicates free costal transplants in 
muscle. 


Experiment 12 (clogs 80 and 76). — Influence of trauma. 

A 9 cm. decostalized periosteal bed was curetted and rubbed vigor- 
ously with gauze to remove the cambium layer. 

The roentgenogram of one of the specimens sixtv-five days after 
operation is shown in figure 13 A. Considerable new bone was 
deposited for a short distance beyond the end of the anterior costal 
stump, but throughout the remainder of the periosteal bed there is seen 
only one small nodule of new bone. 

Macroscopic and microscopic examinations were confirmatory- The 
new bone appeared to arise at least partially by enchondral estrogenesis. 
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Explanation of Fic.ritr. 14 

Pig \ 4 _ — in a (dog 84), is presented a low power photomicrograph of the 
specimen obtained in experiment 13, showing the pcdicled transplant of imi'dc 
(M) interposed between the rib and its periosteum (/’). The intercostal vessel' 
and nerve are labeled A. Note that no new l>one has been deposited on the 
periosteal surface ( P ). In b (dog 81), is presented a low power photomicrograph 
of a specimen obtained in experiment 14. The inflammation resulting from the 
rubber bag interposed between the rib and its periosteum has resulted in marked 
thickening of the periosteum (P). The intercostal vessels and nerve are laln-led 
V. Note that no new bone has been depdsited on the surface of the jterioMrnm. 
In c (dog 84F), is presented a postmortem roentgenogram oi two ribs obtained 
in experiment 13, showing nodules of new bone (C) deposited in the angle between 
the rib and the periosteum. In the space between these two nodule' the peri- 
osteum was separated from the rib by the interposed muscle. 
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W nil ;i livlmir Minilar In tli.il ,,f iimniii.ilv.sis of the |i«tomI muscle 
ilrMTjl.nl I iy John Alesamler.' lout,' segments of four contiguous ribs 
Ut-U ‘ ' stI "l their prriostc.il sheaths, and a muscle flap which had 
hern raised from the thoracic wall and had been fashioned with an 
adrtjiiatr vaMmlar pedicle was insinuated between the internal surface 
"* * ,;i,r r *b> ; <nd the utesiallv displaced periosteum and intercostal 

bundles. I he technic is illustrated in diagram 9. figure 1. 

I he animal was hilled sixty days after operation. As illustrated 
itt figure 14 it, no new hone had hern deposited on the surface of the 
periosteum. ! he contacting muscle was loosely adherent to the perios- 
teum iu so me areas and densely adherent in others. In the angles 
between the rih and the periosteum at both borders of the interposed 
muscle small nodules of hone had been deposited ffig. 14 c). 

l'.x n:i;t M I '.nt 14 (dogs SI and 82). — Influence of apposition of 
foreign body. 

The procedure, a pneumolysis, which has been described in experi- 
ment 12. was repeated in two dogs, with the exception that the space 
between the ribs and the periosteum was filled with a rubber bag 
instead of muscle. The rubber hag consisted of a surgeon’s glove filled 
with sterile salt solution. Recurring accumulations of serum in the 
subcostal space bulged the healed incision and necessitated repeated 
aspirations. 

Xo infection occurred, and the animals were killed sixty-two and 
sixty-live days after operation. Each hag had become encapsulated by 
a thick layer of fibrinous exudate. 

Microscopic examination revealed that the denuded ribs \\eie 
entirely necrotic, and that the periosteum and pleura (fig- Id b) " ere 
markedly thickened and presented an active inflammatory reaction. 
Xowhcre on the surface of this inflammatory membrane could bone be 
palpated, and none was found in the sections studied. 

Ex peri M ext 15. — Influence of chemical cauterization. 

A. (dogs 76 and 17 A).— Costal stumps only treated with Zenker’s 
solution, the periosteum being carefully guarded from contact t uit i tic 

solution. . , 

The roentgenogram of one of the specimens (fig. 6 B ) obtame 
eighty-six clays after operation indicates that new bone was nre fe ua 

deposited in the periosteal bed. . . 

On palpation the segment was semirigid throughout and conta 

scattered hard nodules. 

1. Alexander, John: Supraperiosteal and Subcostal Pneumolysis with 
of Pectoral Muscle, Arch. Surg. 28:538 (March) 1934. 
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ami contained no nm ) • architecture and wM" 
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B . (dogs 70 and 71).— Periosteum only luah • * 

Tte experiment renter, ^ ^ 

applied to the periosteal hed. 



Fig. 15 (dog 70). — A low power photomicrograph of specimen H shown in 
figure 2 (experiment 17). New bone proliferating from the ends of the costal 
stumps has invaded and replaced much of the interposed segment of cartilage and 
has established bony union. Note the marked density of some of the new Ixmc. 
The experimental operative technic is illustrated in figure 1, diagram 11. 


The roentgenograms (figs. 2 A and 3 B) of the specimens obtained 
sixty-five days after operation show no evidence of hone in the 
zenkerized periosteal beds. 

Neither cartilage nor bone was found on microscopic examination. 
The tissue was entirely fibrous. The ends of the rib contained both old 
dead bone and newly formed bone and cartilage, some of the new bone 
apparently arising by enchondral osteogenesis. 

C. (dogs 77 and 76 ).— Both the periosteum and the costal slumps 
treated with Zenker’s solution. 



.i an urns or- srucruy 


The yerntive procedure differed from that of experiments 13 A 

T . n " ! ' V of Zenker's sohitfon to both 

tiie periosteum mid (lie ends of the costa! stumps. 

As indicated in one ot tiie roentgenograms ( fig. 9 A), no new bone 
u;,s ”> i'etikeri/ed periosteal bed, and only a small amount 

uas deposited on the surface of the ends of the rib.’ The old bone of 
the ends of these stumps uas entire lv necrotic. 
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I'.x 1'i.ni m in i If) (do” 77). — Costal regeneration aided b\< the pre 
I'tiee ot a stu/ment of rib. 


An entire rib was resected stihperiosteallv except for a 3 cm. seg- 
ment which was left undisturbed in the middle of the periosteal bed 
( diagram 10. tig. I ). | he segments which were resected were disarticu- 


lated from the vertebra posteriorly and from the costal cartilages 
anteriorly. 


1 lie roentgenogram of the postmortem specimen (fig. 9 B). obtained 
sixty-seven days after operation, shows that the costal regeneration 
greatly exceeded that obtained in the experiments in which the perios- 
teum was completely decostalized. The limiting effect of the periosteum 
is strikingly shown. 

Viewed microscopically, the new hone presented normal costal 
architecture with here and there small nodules of cartilage undergoing 
ossification. The segment of old hone contained both old dead and living 
hone. The necrotic portions were extensively invaded and were under- 
going transformation. 

Hxi’KKiM k.vt 17 (dogs 70 and 76). — Costa! regeneration from costal 


stumps. 

Jn each of two dogs a segment of rib 2.5 cm. in length, and with 
it its periosteum, was resected. Into this space was fitted snug!} a 
segment of costal cartilage which had been removed from the opposite 
side of the chest. The cartilage not only bridged the gap and made 
firm contact with the ends of the rib hut rested directly on the pleura, 
the periosteum having been excised (diagram 11, fig- 1)- 

A portion of the periosteum was used in the control experiment 

(experiment 9). . . 

The result of the experiment eighty-five days after operation is 
clearly shown in the roentgenogram (fig. 2 B). Extensive pioi era^ 
tion of new bone occurred at the ends of both costal stumps, presen 
the picture commonly seen clinically in pseudo-arthrosis. muar). 
the flared ends cast shadows of the density of osteosclerosis. °" 
a narrow bridge of bone can be seen traversing the centei o t le 
laginous graft to establish union between the costal stumps. 
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On gross examination there were a nodulai fusiform nihu.miu 
a , the site of the operation ami firm tmion the o-lal -'T"'™'/ 

The microscopic rtplK-arnnce of t, l...i S imlmal sect, on tins s, se- 

men is illustrated in figure 15. The note hone at the ends m the r.h 
was large and unusually dense; it invaded the cartilage mi sut.ul>. 
Through the center of the cartilage there was a continuous v ‘'”‘ 
new bone, and the cartilage appeared to he both old and new, la- 
ends of the rib contained some necrotic old hone. 


Experiment 18 . — Free transplantation of costal scipncnls. 

A. (dogs 77, 78. 17. 80 and 16 G ). — Hone only. 

Eight costal segments from 2 to 3 cm. in length were transplanted 
to the erector spinae muscles and were recovered at post mot tern 
examinations from sixty-seven to ninety-three days after operation. 
.Some of the grafts which appear in the roentgenograms are illus- 
trated in figures 6 C and 13 B. 

All specimens were loosely encapsulated in fibrous tissue and were 
necrotic in appearance. 

Microscopically, five of the transplants appeared to he entirely 
necrotic, while in the remaining three a few living hone cells near the 
surface were seen. For a considerable distance from the surface in 
all specimens the cancellous spaces and haversian canals contained 
granulation tissue, and the bone in apposition was undergoing absorp- 
tion. In these areas and along the cortical surfaces there were small 
excavated indentations, many of which contained giant cells. In till 
specimens but one there were trabeculae of new bone about the cut 
ends of the grafts and in the re vascularized areas where resorption 
had taken place. In two, a small amount of new hone had been 
deposited on the cortical surface, and in no transplant was cartilage 
seen. 


Xo new bone could be found in one of the two grafts from the 
old dog (dog 16). 

F>. (dogs 78 and 80 ). — Bone with attached periosteum. 

This experiment differed from the one described in the preceding 
paragraph in respect to the use of osteoperiosteal grafts. They were 

removed with strips of periosteum remaining attached to their external 
surfaces. 


Similarly, these transplants appeared to lie necrotic and were enrin- 
sulated in dense fibrous tissue. 

In microscopic section there were definitely more evidence of 
absorption and larger deposits of new hone, particularly on the cortical 
si rfaces. which presumably were the ones covered with periosteum 
Extending out from these surfaces there were areas J 
with osteoblasts , S ndll - v ™Ppbed 
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Xo attempt will lie made to review the voluminous literature dealing 
with the relation of the periosteum to osteogenesis. It is sufficient to 
note that no truly significant contributions have been made to the earh 
observations and opinions of Duhamel - and Ollier-' that the perios- 
teum has an osteogenic function and to the contradictory experimental 
results and observations of .Mace wen 1 expressed in the often quoted 
words: "While not underestimating the periosteum as a limiting and 
protecting membrane . . . there are no data to indicate that it can 

of itself secrete or reproduce hone. It has no osteogenic function. 

2. Duhnmel clu Moncenu, II. L.: On the Formation of Bones in An««als 
and of Wood in Trees, Rcc. period, d’obs. de med., dc cliir. et pharni. , 

3. Ollier, AT. L. : Artificial Production of Bone by Displacement and Tran, 
plantation of Periosteum, Compt. rend. Acad. d. sc. €7:905, 1S5S. 

4. Macewcu. W. : The Growth of Bone, Glasgow, James Maclehose and Sons, 
1912. 
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These controversial opinions still prevail WWk 1 
card ' Gallic and Robertson." Cohn and Jain. . 

Hunnicut 10 and others have presented important evulenee ... snp,.o,t 
of Macewen’s views, equally impressive data snbscnbn* m 
orenic theorv of Ollier have been recorded by a lar»e gnnq> <>l imo 
'tigators. among whom may he mentioned Mayer mM ^ehma.^ 
-Vxhausen, 1 - Lexer. 111 Phemister.” Martin. 15 Simon. 1 " Rohrle. • 1 -mita. 
Fragenheim, 19 KropveldS" Rollo,« Imbert and Jourdan.--' Polaeco.- 


5. Leriche, R., and Policard, A.: The Normal ami Pathological Physiology 
of Bone, translated by Sherwood Moore and J. A. Kc\, St. Lntis, (., \ . M< !*.• 
Company, 1928. 

6. Gallie, W. E., and Robertson, D. E.: The Repair <>! V<<w. Brit. .1. Sure. 
7:211, 1919. 

7. Cohn, I., and Mann, G.: Further Study of Hone Repair, South. M. .1. 
9:235, 1916. 

8. Murray, C. R.: The Repair of Fractures, Minnesota Med. 13:15". PVT 

9. Davis, quoted by Wirtz: Periosteal Ossification. Arch. f. orthoji. ti. Onfall.- 
Chir. 18:559, 1920-1921. 

10. Hunnicut, quoted by Wirtz. 9 

11. Mayer, L„ and Wehner, E. : The Significance of the Individual Compo- 
nents of the Bony Tissue in Regeneration and Transplantation of Boms, Arch. t. 
klin. Chir. 103:732, 1914. 

12. Axhausen, G.: The Histological and Clinical Laws of Free Qsteoplasin, 
Arch. f. klin. Chir. 88:23, 1908. 

13. Lexer, E. : Enderfolge der freien Knoclicntransplautation, Muneheii. med. 
Wchnschr. 66:1275, 1919. 

14. Phemister, D. B. : The Fate of Transplanted Bone and the Regenerative 
Power of Its Various Constituents, Surg., Gynec. it Olist. 19:303, 1914. 

15. Martin, B. : Bone Regeneration from the Periosteum, Arch. f. kliu. Chir. 
120:744, 1922; Regeneration of Long Bones, ibid. 113:1, 1919. 

16. Simon, R. : On the Outcome of Bone Grafts and the Conclusions Which 
Can Be Drawn with Regard to the Choice of Material, Gaz. med. dc Strasbourg 
80:404, 1922. 

17. Rohde, C.: The Course of Regenerative Processes in Long Bones -\reh 
f. klin. Chir. 123:530, 1923. 

18. Tomita, C.: Experimental Study of Transplantation of Bone Virchows 
Arch. f. path. Anat. 191:80, 1908. 

19. Fragenheim, P.: Permanent Results of Osteoplasty in the Animal Fxncri- 
ment, Arch. f. klin. Chir. 93:191, 1910. 


20. Kropveld, S. M : Experimental Contributions to the Question of Bone 
i ransplantation, Nederl. maandschr. v. geneesk. 10:684, 1921 

21 Rollo, S.: Periosteum, Connective Tissue and Calcium Salts in Relation 
to Osteogenesis, Rev. di biol. 12:27, 1930. 0 

22. Imbert and Jourdan, R.: Evolution of Osseous Tissue in Osteo-Periosteal 

Grafts, Compt. rend. Soc. dc biol. 82:115, 1919 . osteal 

23. Poiacco, E.: Comparative Research Work on Grafting p • , 

of Young Bone, Arch, per l c sc. med. 53:476, 1929 g Penosteum and 
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C (dogs 80, 16 G and 17 G ). — Bone treated with Zenker's solu- 
tion. 

Small segments of seven ribs, some with and some without attached 
periosteum were soaked for a few seconds in Zenker’s solution and 
immediately buried in the erector spinae muscles. 

At the autopsies, from sixty-five to ninety-three days after opera- 
tion, the segments were removed for microscopic study; all presented 
the appearance of necrotic bone and encapsulation with fibrous tissue. 
Some of the grafts are shown in the roentgenogram (fig. 6 D). 

In microscopic section the bone of all of the specimens was entirely 
necrotic, and nowhere was there newly formed bone. The cancellous 
spaces were extensively invaded by young vascular fibrous tissue, and 
it appeared that considerable absorption of the old bone had taken 
place. 

Description of Dogs 




Weight, 

Date of 

Date of 


Dog 

Description 

Kg. 

Operation 

Autopsy 

Experiments 

TO 

Large young brown female. . 

22 

5/18/32 

S/12/32 

13B, 17» S, 9> 3, 1 

Tl 

Large young brown male 

23.5 

5/18/32 

S/12/32 

11, 13B, 1, 0, 9 

72 

Large police pup 

20 

5/20/32 

8/12/32 

4,1,0 

76 

Young mongrel collie 

19 

0/ 7/32 

S/29/32 

12, 15A, 15C, 17, 9 

77 

Large mongrel pup 

21 

6/ 9/32 

S/15/32 

35C, IG. 7, S, ISA, 9 

7S 

Young mongrel police 

24.5 

G/ 9/32 

S/15/32 

5, S, ISA, 1SH, 9 

SO 

Young spitz 

18 

6/31/32 

8/ 15/32 

12, ISA, 1SB, ISC 

16G 

Aged mongrel collie 

27 

9/15/32 

12/18/32 

10A, 101), 10O, ISA, ISC, S 

17G 

Mongrel police pup 

18 

9/21/32 

12/1S/32 

2, 1.1 A, ISA, IsC, 9 

18G 

Young spaniel mongrel 

17 

9/ 2/32 

12/1S/32 

It, 7, 2, 1, S, !> 

81 

Mongrel fox terrier pup 

14.5 

9/10/32 

11/12/32 

14 

S2 

Young police 

20 

9/12/32 

11/19/32 

U 

84F 

Mongrel pup 

1S.5 

9/32/32 

11/12/32 

13 


COMMENT 

No attempt will be made to review the voluminous literature dealing 
with the relation of the periosteum to osteogenesis. It is sufficient U> 
note that no truly significant contributions have been made to the ear \ 
observations and opinions of Duhamel 2 and Ollier' that the ]>tn<- 
teum has an osteogenic function and to the contradictory expt mm utu 
results and observations of Macewen ! expressed in the fi u 

words: “While not underestimating the periosteum as a limiting a nr 
protecting membrane . . . there are no data to indicate t ut it ^ ^ 

of itself secrete or reproduce bone. It has no osteogenic tint i 

2. Duhamel du Monceau, H. L. : On die Formation <>> |' 0!K *' j- ; - 

and of Wood in Trees, Rec. period, (fobs, dc tried., dc chir. ct pi.irtn. • • 

3. Ollier, M. L.: Artificial Production of Bone hy DisplaccmeiU an' 

plantation of Periosteum. Compt. rend. Acad. d. sc. 47:905, * ■ ^ 

4. Macewen. W. : The Growth of Bone, Glasgow, 

1912. 
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6. Gallie, \V. H., and Robertson, D. E.: The Repair of Rone. Urit. J. Snrg. 
7:211, 1919. 
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9:235, 1916. 
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11. Mayer, L., and Wehner, F. : The Significance of the Individual Compo- 
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klin. Chir. 103:732, 1914. 
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Arch. i. path. Anat. 191:80, 1908. 
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1 The costal periosteum is directly or indirectly nsUngmii . ^ 

young (logs. bono (vss cons.nn.ly , legs, she, 1 on .In' «» »•»« 

h h • instance was bone laid down on tlw 


of the periosteum, liut m uo 


dechondralized surface of the perichondrium. Although both mem- 
branes, the periosteum and the perichondrium, are composed m hlmnn 
tissue, the periosteum has the important additional timer, richly cclhtlnt 
layer which has been designated hv tile terms cambium ( lhllrnth ’ ). 
osteogenic (Ollier 1S ), proliferative (Virchow* 4 ) and osteohlaMic 
(Stretzloff 4S ). Stripped of this layer of cells (experiment 12). the 
periosteum apparently was deprived of its osteogenic function and v>as 
no more conducive to the formation of new hone than was the 
dechondralized perichondrium. Xakahara and Diiger succeeded 
experimentally in obtaining proliferation of new hone from transplanted 
emulsions of scrapings of the periosteum; these emulsions presumably 
were 'composed principally of cells of the cambium layer. 

Gallie and Robertson 0 have presented experiments indicating that 
costal regeneration results entirely from proliferation from the costal 
stumps. They obtained no regeneration in experiments in which these 
stumps were tightly sealed from the periostea! beds. Similar experi- 
ments carried out by Mayer and Wehner" and me yielded results 
which were absolutely contradictory, as were the results of my experi- 
ments in which complete reformation of the ribs took place in the 
totally decostalized periosteal beds where there were no costal stumps 
from which proliferation could take place. To exclude the cartilaginous 
stumps as a possible source for the new hone, both the rib ami its 
cartilage were totally extirpated, and, as shown in experiment 2. com- 
plete reformation of the ribs occurred. 

Always there exists the probability, as Martin 15 has definitely 
pointed out, that microscopic fragments of bone remained attached to 
the periosteum and that these fragments gave rise to the newly formed 
hone. Obviously a conclusive investigation of this problem is impos- 
sible. However, the negative findings in thirteen of the fourteen fresh 
strips of periosteum which were studied in experiment 9 are at least 
indicative that residual fragments are not present in large quantities 
t is also significant that in the experiments in which periosteum was 
transplanted and m those in which ribs regenerated in periosteal beds 
no old bone or evidence of residual fragments was found It is unlikely 

w .■* t 


45. Quoted by Riess."’ 3 
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The author has shown in a previous publication 4(5 that large fnw- 
ments of a rib, when transplanted into a dechondralized perichondria! 
bed, establish union with each other and with the sternum and rib. 
thereby forming a continuous piece of bone with typical costal archi- 
tecture. The new bone, however, appeared to arise entirely within and 
from the transplants, and the perichondrium provided merely a pro- 
tective vascular membrane which aided proliferation. The analogy 
might be applied to the decostalized periosteum and the possible 
adherent fragments of bone. This deduction, however, seems inap- 
plicable when one compares the quantitative osteogenic response in the 
two groups of experiments. The decostalized periosteum containing at 
most microscopically minute fragments of bone gave rise to an infinitely 
more rapid and luxuriant growth of new bone than did the large costal 
grafts in the perichondria! bed. 

2. Costal regeneration is limited by the periosteum and fails in the 
absence of the periosteum. When this membrane was removed from 
the space between the costal stumps, the newly formed bone merely 
sealed the open cancellous spaces at the ends of the rib and did not 
proliferate beyond the cut edge of the periosteum. 

Sauerbruch 47 has reported contradictory clinical observations. He 
cited the case of a patient in whom costal regeneration took place after 
both the ribs and the periosteum had been removed. 

In experiment 17, new bone did proliferate beyond the limits of 
the periosteum, but the proliferation traversed the center of a trans- 
planted segment of cartilage. It is possible that the cartilage, besides 
providing an ossifiable medium, maintained a space between the ends 
of the rib into which new bone could proliferate without intei feienct 
from scar tissue. 

It is interesting that for a short distance the ends of the u>st<i 
stumps in each experiment became necrotic except for surviving alls 
along the surfaces and at the borders of vascular spaces. 

For some reason which is not apparent, much more new hone 
deposited in each instance about tire end of the anterior than about t a 
end of the posterior stump. 

3. Reparative osteogenesis is influenced by various factors. -W 
normally exerts an influence which is physiologic, ft is a "<• 
established fact that the younger the subject, man or annua • 
more active are all of tire reparative processes of the body ^ ^ 

is particularly true of reparative osteogenesis and has been sm. ^ 
the clinical and experimental observations of Ollier. 7 ' Martin. 


46 . Bisgard, J. D.: Experimental Studies of Reparative Costa! ^ f,n ' ,r 
and of Transplanted Bone. Surg., Gynec. & Obst. 58:K!/ (■ a > 1 ' 

47. Sauerbruch. F. : Tr. Surg. Cong., Berlin. 1921 : quoted by Marti*. 
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, xhausc „ .. Riess ami .mm- others. Mess that « 

££L* in all Periosteal uaosplants in ** less .tan «"« ta ». «£ 
and no new tare was found in transplanls in older animals. 11, 
influence of age is shown strikingly in the comparts.,,! m 
10 and the accompanying illustration (t,R. 12) with 'he sunil.n . Np, 
meats and illustrations (or the younger dogs. 

The influence of the blood supply as a factor in oM<*ogm>.s .s 
also well recognized but not thoroughly appreciated. In tin ik i 
supply of the periosteum Simon. K ‘ Sviffert :iT awl others unw\ the 
principal source of its osteogenic function. As a result of the interrup- 
tion of much of its blood supply, the periosteum in experiment 1 1 gave 
rise to no new hone. The author has observed the exact clinical 
counterpart in thoracic operations which necessitated the ligation ot 
several pairs of intercostal blood vessels. 

Experiments 13 and 14 indicated that the deposition of new hone 
by the periosteum is prevented by firm and intimate contact with 
muscle or with a foreign body such as a rubber hag. 1 had the <>p]*>r- 
tunitv to observe the same result in a patient with pulmonary tuber- 
culosis in whom a rubber bag bad been used in an extrapleural 
pneumolysis to compress the lung and the extrapleural tissues, the latter 
including the periosteum. Contradictory experimental results, how- 
ever, were obtained by Oughterson and Harvey." In their animals, 
costal regeneration took place in the periosteal beds despite the* contact 
of rubber bags. The newly formed ribs are clearly shown in their 
illustrative roentgenograms. In their experiments the hags were filled 
with air; when recovered at autopsy they were much smaller, as a 
result of deflation. They also found it unnecessary to aspirate fluid 
from the wounds. This discrepancy in experimental results shows the 
far-reaching influence on osteogenesis of small variations in experi- 
mental procedure. It is probable that in my experiments the jjerios- 
teum was constantly subjected to firmer contact with the foreign bodv. 
Trauma which probably removed no more than the cambium layer was 
sufficient to prevent reparative osteogenesis in experiment 12. 

Thermal cauterization and chemical electrical coagulation may 
either merely retard or entirely prevent reparative osteogenesis, depend- 
ing on the extent and the degree of destruction produced bv these 
agents. Go eldel 10 and Klapp 50 reported in 1921 that no costal regenera- V 

48 Oughterson, A. W., and Harvey, S. C-: Localized Collapse of the Lung 
by Means of an Extrapleural Balloon, Yak J. Biol. & Med. 3:139 (Dec.) 1930 ' 

49. Goeldel, V.: Ueber Versuche die Knochenregenerationsfahigkcit des Bin 

penpenostes nach Rippenresektion zu verhuten, Inaug. Dissert. Berlin gm 

G, s iSTch;;. sszssr * *««*. 
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tion took place from periosteum which had been seared with the 
theimal cautery. Klapp also prevented regeneration by the application 
•of nitric acid. Bircher and Kuettner 51 used phenol. Meiss 32 obtained 
the same result with less destructive chemical solutions. He used 
zinc chloride and a dilute solution of formaldehyde U.S.P. (1 : 10) in 
some experiments, chromic acid in others and Zenker’s solution in still 
others. Head obtained the same results from the use of chromic acid 
and Zenker’s solution and added silver nitrate to the list. Torroca 54 
prevented regeneration in the animals in which he used the thermo- 
cautery, phenol, a dilute solution of formaldehyde U.S.P. (1:10) and 
Baum’s liquid. The application of pure silver nitrate and of alcohol 
retarded but did not prevent the formation of new bone. Van Allen 55 
has reported that the application of a dilute solution of formaldehyde 
XJ.S.P. (1: 10) in a series of cases delayed but did not prevent costal 
regeneration. 

In my experiments, no new bone was found in the periosteal beds 
which had been treated thoroughly' with Zenker’s solution. Regenera- 
tion progressed normally'- from the periosteum when only the ends ot 
the rib were zenkerized, but there was definite retardation of absorption 
of old bone and of proliferation of new bone at the ends of the costal 
stumps. Transplanted zenkerized costal segments had the appearance 
•of encapsulated foreign bodies. They were entirely necrotic and 
formed no new bone but were considerably invaded by granulation 
tissue. In contrast, the untreated transplants, also necrotic, were 
extensively invaded by' granulation tissue, were rapidly undergoing 
absorption and had given rise to some new bone. Much more new 
bone was present in the grafts covered with periosteum and on the 
cortical surfaces, which presumably had a covering of periosteum. 

51. Bircher and Kuettner, quoted by Torroca. 

52. Meiss, W. G: Experinienteller Beitrag zur Yercinfachung der Tliorako- 
plastic in mehreren Tempi, Zentralbi. f. Chir. 6:349, 3930. 

53. Head, J. R.: Prevention of the Regeneration of the Ribs. Arch, htirg. 
14:1209 (June) 1927. 

54. Torroca, L.: Ricerche sperimenfali sui mezzi atti ad impedire a regent rn 

zione ossea dopo l’asportazione sottoperiostea delle costole, Clin, chir ^ 

55. Van Allen, C. M.: Chemical Treatment of the Periosteum, Ann. . m.- 
37:368 (March) 1933. 
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The sesamoid hone known as the fabella— which literally mean* 
“little bean" — is found inconstantly in man on the anterior gliding sut- 
{ace of the external head of the gastrocnemius muscle. Rarely, a 
sesamoid is seen on the medial head of the gastrocnemius muscle. '1 he 
inconstancy of the fabella in man and of its location about the knee 
joint, as evidenced by roentgenographic examination, may be misleading 
in the diagnosis of conditions of the knee joint (fig. 1 A). In rats, 
cats, rabbits and other animals sesamoids are constantly present ,n both 
in the lateral and in the medial heads of the gastrocnemius muscles 
(figs. 2 A, and 3). In these animals one or two additional ossicles are 
present on the popliteus muscle facing the posterior surface of the tibia. 

Sesamoids — for example, those on the lateral or medial heads of the 
gastrocnemius muscles — are each derived from a specific milage. The 
fabellae are not dependent on the activity of the knee joint for their 
occurrence. Gruher Ib found that fabellae first appeared as cartilaginous 
islands at the age of 10. At 17 years of age a center of ossification was 
apparent in the cartilaginous sesamoid. The fabella. except at the site 
for the articular cartilage, is attached by Sharplev’s fibers to the tendon 
of the gastrocnemius muscle and to the posterior ligament of the knee 
joint. The sesamoid is cancellous in structure. 

The fabellae, usually bilateral, are located from one-half to one and 
a half inches (1.27 to 3.77 cm.) above the proximal tip of the fibula 
when the knee is flexed at an angle of from 150 to 160 degrees. Occa- 
sionally the sesamoid can be visualized roentgenographically at the level 
of the knee joint. Their location may he lateral, posterior or medial to 
the external femoral condyle. Normally, the ossicles on the lateral head 
of the gastrocnemius muscle appear to he in close proximity to the 
posterior surface of the external femoral condyle. As there is a 
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Fig. 1. — A, roentgenogram of the left knee. Note the normal position of tiic 
sesamoid. B, roentgenogram of the right knee (synovitis with effusion)- ^ 0,c 
the backward displacement of the fabella. 


Fig. 2 . — Roentgenograms of a rabbit's knee. In A, note the ,OM>t c ^ 
and the single tibia! sesamoids. B, note the posterior and ttpwan 
of the femoral sesamoids after an intra-articular injection of saline ?" » 1 
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normal area of rarefaction in the external femoral condvie, the 
sesamoid s are often seen by roentgen examination in the anteroposterior 
view. These ossicles vary in diameter from several millimeters to 2 cm. 
In roentgenographic pictures they appear usually semilunar in the lateral 
view and either elliptic or circular in the anteroposterior projection. 
Many variations in shape, however, exist. 


ROENTGENOGRAPHIC OBSERVATIONS 

In this study, 806 roentgenograms of the knee joints of 700 patients 
were examined, hirst, we wanted to determine the incidence of fabellae 
in this number of patients, each of whom had symptoms referable to 
one or both knee joints. Second, we desired to study variations in the 
appearance of the ossicles. Third, we sought to ascertain whether their 


Summary of Data on Which Study 1 Fas Based 


Age, Tears 

Patients 

Without 

Fabellae 

1 to 10 

71 

11 to 20* 

00 

21 to 30 

SO 

31 to 40 

10S 

41 to 50 

12S 

51 to 00 

93 

oi to rot 

30 

71 to 80 


81 to 90 

1 

Total 

019 


Patients 


Incidence (by 
Roentgenographic 

with at Beast 


Examination) of 

a Single 

Patients 

at Least a Single 

Fabella 

Examined 

Fabella, tier Cent 

0 

71 

0 

0 

92 

O 

13 

102 

12 

13 

123 

12 

19 

147 

12.9 

<>•-> 

117 

1S.8 

1 

39 

23 

1 

S 

12.3 

0 

1 

0 




~ — 

SI 

700 

11.3 


* A fabella was scon roentgenographieally in a boy 12 years of age. 
t The higher incidence of fabellae in the older groups can be attributed possibly 'to •“•}> 1 * 
cation or ossification of previously existing sesamoids that originally were not swnouuo 
calcified to be visualized roentgenographically. 


presence was of any aid in the diagnosis of lesions in or about the hicc 
joint. 2 

Only 106 patients had had roentgenograms taken of both the right 
and the left knee. Nineteen of these patients had fabellae. Sixteui 
had bilateral fabellae (one ossicle in the external iiead of the right am 
the other in that of the left gastrocnemius muscle). Iwo others mi 
only one sesamoid (one patient having it in the lateral head of the rig it 
and the other in that of the left gastrocnemius muscle). 
sesamoids in the lateral and medial heads of the right gastroentm i 
muscle (fig. 4 A). In these 106 patients the incidence of >» 
fabellae (a sesamoid in the external head of the right and one. m t >* 
the left gastrocnemius muscle) was about 15 per cent. 

In 31S cases the right knee alone was rocntgenographwH m ^ ^ 
usual projections), and single sesamoids were present m a » 

(about 11 per cent). The roentgenographic examination oi » 


1 . In these studies Dr. H. L JafTe save helpful rritichrn. 
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knees of 276 additional patients showed an ossicle in the lateral head 
the gastrocnemius muscle in 26 instances (ahmit pet rent ■ 11 • • 

i„ our group of 700 545 of whom wore ,mte 3 . U ... 

the incidence by roentgenograpluc examination of .it hast a .nigh 

fabella was 11.5 per cent for each sex. _ 

The accompanying tabic gives the age grouping ot the patients awl 
the percental incidence in each group of at least a single hi he la. 

In 193 patients there was ostco-arthritis of the knee. Hurt) -tig it 
of these had at least a unilateral fabella (19 per cent). In 7 of these 
38 patients, irregularities in the sesamoids suggesting arthritis were 
noted (fig. AB). Among 9 cases of synovitis of the knee of unknown 
origin in which faheltae were seen, there was abnormal displacement of 
the fabella in 4 cases (fig. 1 />). An irregular large fabella was noted in 
the roentgenogram of the knee of a patient suffering from gout. I hi 
ossicle appeared to he involved in the disease process, as were the bones 
comprising the knee joint. In 2 cases of Paget s disease, the latet.il 
sesamoid appeared within normal limits. 


COMMENT 

In the literature the incidence of the fahella has been reported as 
varying from 10 to 20 per cent. The higher figures were based on 
anatomic studies and the lower ones on roentgenologic investigations." 
Fabeilae seem to take part in pathologic processes. Some seem to become 
arthritic; some become involved in general metabolic disorders, as gout : 
some can be fractured. ' while others become involved in what is 
described as osteochondritis. 3 * 5 6 A rare lesion is the pinching of the tahella 
in the knee joint, which is possibly due to a herniation of the posterior 
capsule. 8 


3. Pancoast, H. K. : Radiographic Statistics of the Sesamoid in the Tendon 
of the Gastrocnemius, Univ. Pennsylvania M. Bull. 2.2:213, 1909. Skinner, E. H.: 
Loose Body Versus Sesamoid Bone in the Outer Head of the Gastrocnemius, New 
York State M. J. 90:153, 1909. Fischer, H. : Beitrag zur Kcnntnis der Skelctt- 
varietaten, Fortscbr. a. d. Geb. d. Rontgcnstrahlcn 19:43 (July) 1912. Ulrichs, 
B.: Fabella, Zentralbl. f. Chir. 53:1369 (May 29) 1926. Simon, H.: Fabella! 
ibid. 53:650 (March 13) 1926. Sonntag, E.: Zur Fragc der Fabella. ibid. 54:660 
(March 12) 1927. Vogel, K. : Ein Fall von doppelter Fabella, ibid. 54:2566 
(Oct.) 1927. Pick, H.: Zur Frage der Fabella, ibid. 54:1743 (July 9) 
Grassmuck, J. : Ueber das Vorkommen der Fabella, ibid. 55:1031 (April •>8) 
A.: Ossiculum scsamoidcum verum musculi gastrocnemii externi 
(Gruber). ,h,l. 55,25,8 (On.) 1928. Yarn,. K.r Das Os sesamoi*,,™ “d! 
gastrocnemii lateralis bei den Japanern, Folia anat. japon. 6:241 (May) 10?S 
Krcmscr, K.-. Beobachtung einer Fabella im lateralen und mediator, r- > , “ ' 
nnuskopf, Rontgenpraxis 2,: 134 (Feb.) 1930. Gastrokne- 

(Deumt J ' : FraCtUrC ° f TWO Fem ° ra5 Sesam ° id Boncs - Am - J- Surg. 18:507 

5. I.epoutre. C. : Scsamoide douloureux (sesamnlde ,i„ • 

Guenson par Vextirpation, Rev. d’ortbop. 16:234 (May) 1929 externc) - 

6. Hejdcmann, H. . Die Fabella, Rontgenpraxis 1:950 (Dec.) 1929. 
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Commonly we see the coexistence of fabellae with intra-articuiar 
bodies. The sesamoids are usually differentiated by their bilateral sym- 
metry in size, shape and location. Reports have been cited in which it 
was stated that fabellae considered as intra-articuiar bodies were sur- 
gically removed. 7 An important method for the differentiation of intra- 
articular and extra-articular bodies is that of roentgenographic exami- 
nation of the knee joint after sufficient amounts of opaque material, 
saline solution or air have been injected.® In figure 2 B, the fabellae 
of the rabbit are seen displaced backward and upward by the injected 
fluid. A similar condition is presented clinically in figure 1 B, in which 
the ossicle is seen displaced posteriorly b} r the effusion. In addition, dis- 
placement of the sesamoid should be an important sign in the detection 
and location of tumors or cysts of the soft tissues about the posterior 
portion of the knee joint. Thus, a swelling originating intra-articularlv 
may, if large enough, displace the fabellae posteriorly. A mass in tire 
gastrocnemius muscle or in the posterior capsule, however, may force 
the fabellae toward the knee joint. The sesamoid of the gastrocnemius 
muscle must, in addition, be differentiated from chip fractures, para- 
condylar and meniscal calcifications or ossifications, calcified glands and 
calcified blood vessels. 

SUMMARY AND CONCLUSIONS 

(a) A study of roentgenograms of the knee joints of 700 patients 
revealed the presence of at least a single fabella in 11.5 per cent. 

(b) The sesamoids seem able to undergo pathologic alterations such 
as arthritis, fracture or osteochondritis. 

(c) The fabella may be a bony landmark (as evidenced by roent- 
genographic examination) for the recognition of effusions into the knee 
joint and for the differentiation of swellings or masses near die posterior 
ligament of the knee joint. 

7. Wolff, H.: Ueber die praktisch chirurgische Bedeutung dcs Scsa , nhei , i^ 
im Musculus gastrocnemius, Berl. klin. Wchnschr. 41:1052, 1904. ^ ce '<■ . 
Roentgenographic Observations of the Time of Appearance o -pip 

Their Fusion with the Diaphyses, J. Anat. 67:118 (Oct.) 193-. 

8. Oberholzer, J. : Die Arthro-Pneumoradiographie, Beitr. z. kirn. 

113, 1933. 



epilepsy SECONDARY TO HEAD IN Jl UN 
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That trauma to the head may produce epileptic seizures is n well 
known fact, but to ascertain in a given case of generalized epilepsy 
whether the epilepsy may reasonably be considered due 1<> a presmns 
head injury or whether it is of a nontraumatic tv}K> is not always easy. 
The following report of a case exemplifies such a problem ; 

A Negro man, aged 36. an electrician’s hefiver. reverted tor examination 
with the complaint of generalized convulsions. Fourteen months pretioto t'» 
entrance, the head of a hammer flew from the handle while lie was driving a nail 
and struck him in the right parietal region of the skull. He suffered an abrasion 
of the scalp, but there was no deep laceration, and sutures were unnecessary. 
Roentgenograms did not reveal a fracture. The patient was dazed, hut there was 
considerable doubt as to whether he was unconscious at the time of the injury; ii 
he was unconscious, it was only momentarily. He returned to his duties the newt 
morning and continued to work for a period of sixteen months. He- was then 
discharged on account of economic conditions. On his discharge he applied for 
compensation, stating that convulsions had developed three months after the 
injury, which he believed were a result of the trauma. His story was doubted and 
a detective investigation carried out. The investigator was able to establish the 
occurrence of the first convulsion as being five weeks after the injury; be could 
not find any evidence of convulsions prior to the injury. Examination by us four- 
teen months after the injury revealed definite proof of generalized seizures which 
were preceded by an aura which consisted of a peculiar abdominal sensation extend- 
ing upward to the head; this was preceded by a cry and followed by generalized 
tonic contractions; the contractions, in turn, were succeeded by clonic spasms. 
There was loss of sphincter control involving both the rectum and the bladder. 
The patient then remained unconscious tor a period varying from one-half hour 
to several hours, aud it was several days before he returned to normal. During 
the examination it was evident that this man was untruthful but exceedingly 
shrewd, evasive and unreliable. Physical and neurologic examinations, as well as 
laboratory tests, revealed no abnormalities. 

The case was settled for the sum of SI ,700. 

At a reexamination by us thirty months after the injury the patient reported a 
marked increase in the severity and frequency of the convulsion, intense 
headaches and fatigue so marked that lie was totally incapacitated. Examina- 
tion indicated evasiveness to questions and definite attempts to mislead the 
examiner. Ag a ,n neurologic and physical examinations revealed no abnormalities 
A ruling of the Industrial Accident Commission did not permit a reopening of the 
case m view of the fact that a compromise settlement and release had been made. 

Presented before the Neurological Section at the Ck-i,- _ , . , _ 

Mdtol Association, DC M.ntc. ^ Sill m3 ^ 
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Four questions of importance confront one in the study of general- 
ized traumatic epilepsy, the solution of which we shall consider in this 
paper, which is based on a review of our series of cases of head injury, 
as well as on a study of the literature : 

1. Did the head injury cause the epilepsy? 

2. Following a head injury, how far may one go in prognosticating 
the probability that epilepsy will or will not develop as a result of the 
injury? 

3. Is there any method of preventing the occurrence of this sequela' 

4. Is there any method of therapy to be advised for traumatic gen- 
eralized epilepsy? 


CLASSIFICATION OF EPILEPSY 

Epilepsy secondary to trauma may be divided into four types: (1) 
focal epilepsy; (2) generalized epileptic states, including both grand mal 
and petit mal; (3) so-called “hystero-epilepsy,” and (4) reflex epilepsy. 
The differentiation is not always absolute, and in a case in which t ie 
condition primarily belongs to one of these groups there may be occa- 
sional seizures similar to those of one of the other gioups. 

A question rarely arises with regard to the etiologic role of the pre- 
ceding trauma in any of these types, except in cases in which n 
convulsions are generalized. Our study is therefoie conccrnec 1 1 
with this form. We shall, however, in a cursory manner consider 

other three types. . , 

Focal. — Focal, or jacksonian, epilepsy is a type which ' CS r ^ (lin j, 
or primarily a certain localized area of the » f F ' stablishe d by 
from this to include the entire organism. It has been e. 
the work of numerous investigators that head » ™ 
pathologic changes in the brain in cases in v uc i . fmdings. 

signs as well as in those which present abnormal objec tant 

When a patient has a convulsive seizure of this » orn jv , 

to study the seizure carefully as to both ^ 

elements. By so doing the seizure may be classi i ^ of t | u; 

and therapeutic measures may be directed cm< * awl fnr this 

brain. Hughlings Jackson first described t ic ,1 j j ’ v . finer, ter 1 
reason the motor attack has been termed jacksonian c, fi ok . clri( , n | 
has verified the type of seizure and its ^ ^ lia « afio 

stimulation of the cortex in conscious patient;. j. cll ,i,1d and 

been carried out by Penfieldfi With tins concept »>i 

1. Foerster, O. : Die Patliogencse tics cpilcptisclien Krami'f- 

Ztsclir. f. Nervcnli. 94:15, 1926. . . , (j on trartinn in t'"" |,r '' ’ ‘ 

2. Pcnfield. W.: The Mechanism of C.catnaa! Con. 

Brain 50:499, 1927. 
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Gw* lmve placed under the headings oi epileptic seirmes. nr fits, the 
following manifestations: (l) clonic and tonic t.p:iMU. i uu ' u 1,1 
of the limbs or of the body; (3) hallucinations ot fight .sound. Mtd 
and taste- (4) certain disturbances oi consciousness and dream st.i e-* . 
(5) visceral sensations (epigastric and thoracic), and (M aunmnnuc 
phenomena (such as disturbances of respiration, heart beat, devotion 

of tears, perspiration and flushing). 

Deviation of the head and eyes to the side opposite the hemisphere 
involved is a valuable lateralizing sign. Seizures due to involvement 
of the frontal lobe are characterized by a loss of consciousness, followed 
by a turning of the eyes, bead and body to the opposite side and by a 
simultaneous convulsion of the opposite lower extremity. In cases of 


involvement of the precentral gyrus, consciousness is usually lost late, 
and a tingling sensation may follow the jacksonian attack. In general, 
turning without aura points to a localization in front of the precentral 
convolution and turning with aura points to an area behind it. Involve- 
ment of the precentral convolution results in local clonic spasms with 
late loss of consciousness. Seizures arising in the postcentral convo- 
lution consists of numbness, tingling or a loss ot sensation. Seizures 
beginning in the occipital lobe often have as their first phenomenon an 
optical aura such as flame, stars, light, etc., generally in the opposite 
visual field. Involvement of the temporal lobe may produce buzzing 
sounds and dizziness, as well as dreamy states, and if the uncinate gyrus 
is involved, the occurrence of peculiar odors. 

In one article Foerster and Penfield 4 described a series of twelve 
clinical cases in which they demonstrated remarkable verification, on 
surgical tests, of the theoretical areas of localization and confirmed the 
origin of attacks in this type of epilepsy. 

An epileptic attack is fundamentally an active process of stimu- 
lation and not a release phenomenon. The cicatrix, after injury to the 
brain or meninges, is primarily a network of fibrous astrocytes which, 
as time passes, becomes vascularized, with replacement of nerve cells 
and fibers by connective tissue. The time of onset of the convulsions 
after injury in 12 cases was from five months to fourteen years, at which 
time the vascular plexus of the involved area is well developed while the 
nerve fibers are much diminished. It appears, accordingly, that the 
initiation of the seizures is associated with the vascular condition rather 


3. Penfield, W., and Gage, L.: Cerebral Localization of Epileptic Manifest-, 

tions, Arch. Neurol. 8: Psvchiat. 30:728 (Oct.) 1933. 5 P - lan, ' esta ' 

4. Foerster, O., and Penfield W • rw 

Epilepsie “ 

™> <» & .ta.wni.rfK Bdrfmpfw, toSta 2, S tT" Anii " C 

Psvchiat. 125:475, 1930. cn ' Ztschr - ges. Neurol, u. 
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than with the nervous elements and that the scar must involve traction 
on the blood vessels. Foerster and Penfield suggested the hypothesis 
that a vasomotor reflex, secondary to this traction, is responsible for the 
initiation of convulsive seizures. 

Penfield 2 and Foerster 5 6 have demonstrated as regards man. and 
Wortis , 0 as regards animals that after an injury to the brain, if the 
damaged tissue is not removed, a scar rapidly forms composed of con- 
nective tissue and fibrous astrocytes with a marked vascular plexus. The 
scar becomes adherent to the meninges on the one hand and to the brain 
on the other. As time advances, it constant!)' contracts, causing a pull 
on the cerebral tissue. As this process continues, enlargement of one or 
both ventricles with internal hydrocephalus often develops, and fre- 
quently both ventricles become displaced to the side of the lesion, thus 
causing the so-called “wandering ventricles.” 

Foerster and Penfield r have pointed out the value of encephalogra- 
phy and also have made the following surgical recommendations: In 
cases of traumatic epilepsy all the involved tissue of the dura mater 
and of the brain should be excised. The excision must be extensive 
enough to remove any scar tissue and all the altered tissue. If the 
ventricle has been enlarged or displaced toward the side of the lesion 
so as to have reached almost to the surface, it must be incised and 
widely opened. Foerster and Penfield have experimental!)' demonstrated 
that a smooth excision of brain tissue does not cause new scar tissue 
to form. They repair the dura mater by plastic surgery with the use 
of fascia lata and leave the orifice in the bone of the skull open. Cllaser. 
Thienes and Beerman (an article is to be published later) have demon- 
strated experimentally on animals that animal membrane is just as 
efficient as fascia lata. 

Focal epilepsy develops from numerous causes other than truum.i 
to the brain. Abscesses, tumors and adhesions may cause this stmptom 
complex. 

Hystcro-Epilepsy. — “Hystero-epilepsy.” admittedly, is a poor term, 
but it is descriptive of one type of the disease and seius tcnt.i 
tively as a useful classification. We do not desire to enter into a < j 
cussion of the question as to the fundamental etiologic unit) o t 
so-called hystero-epilepsy, affect epilepsy and alcohol epilcps) , w uc i 


5. Foerster, O. : Encephalographische Erfahrungcn, Ztsrlir. 
u. Psvchiat. 94 : 515 , 1924. 

6 . Wortis, S. B.: Head Injuries: Effects and Their Apprais 
Studies of Induced Convulsions and Ventricular Distortion m 


f. d. ges Neurol 

; ,l; Experimental 

tiie Cat. Ar.'h 


Neurol & Psvchiat. 27:776 (April) 1952. 

7. Foerster, O.. and Penfield, Wilder: The Structural Bast' " 
Epilepsy and Results of Radical Operation. Brain 53:99. 1950. 
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„„„ studied in detail lty Xotkm.' Tltere nte u,,du,,l,,e,ny eemiu 
sons in whom convulsive attacks have developed attu U.umu 
present one or more of the stigmas of hysteria or other evu cnee «t urn - 
tional nervous disorder; the attacks follow the types desenhed in slu . 
and other authors of textbooks as hysterical as opposed to truly epdepoc. 
and the course and response to treatment are similar to other ohjectm 
phenomena occurring in hysteria. We have included >uch forms under 
the term hvstero-epilepsy. 

Reflex . — Reflex epilepsy is epilepsy with periodic attacks due to 
peripheral injury. It may be preceded by an aura. Removal of the 
peripheral scar stops the attack (Siemerling 1 ). 

It is noteworthy in reviewing the literature on epilepsy that there is a 
comparative lack of reports of cases of this type of epilepsy in the recent 
as compared with the earlier literature. This is perhaps due to a more 
scientific and accurate study of the cases, with consequent discovery of 
evidences ot a cerebropathologic condition which is considered to he the 
probable cause of the convulsions. The record of a case of this type of 
epilepsy in a patient whom we have recently seen is as follows; 

W. M., aged 37, a lumberman, eleven months before we examined him suffered 
an injury when a boom struck his right arm and chest, throwing him to the ground 
and causing complete paralysis of the right radial and left external popliteal nerves. 
Roentgenograms revealed a fracture of the right eighth, ninth, tenth and eleventh 
ribs in the axillary line, fracture of the superior and inferior rami of the j>elvi? on 
both sides and a comminuted fracture of the right ilium. Immediately following 
the injury the patient was operated on, and an attempt was made to suture the 
radial nerve. This nerve was again explored in December 1932 and scar tissue was 
removed. In February 1933 the external popliteal nerve was explored and found 
embedded in scar tissue. Several weeks before the last operation, the patient 
began to have attacks of jerking movements of the left kg. The attacks increased 
somewhat and became rather severe three weeks following the operation. The 
attacks came on spontaneously, although they could he brought on by galvanic 
stimulation over the scar of the operative incision. During examination a 
few days previous to the present writing an attack was brought on by galvanic 
stimulation in this area, which developed in the following manner : A few minutes 
after the current was applied the patient felt a peculiar sensation in his epigastrium 
Very soon each muscie of the left thigh began to ripple. In a few seconds clonk- 
contractions of the muscle fibers in this area appeared. After a few seconds of 
further contractions, the thigh flexed on the abdomen and the knee on the thigh 
This spasm was tonic, and for a few minutes it was impossible for the leg to be 
passively extended. The arms became rigid at the sides of the body, and the cllwws 
became flexed at a right angle. The patient complained of intense pain in the leg. 

8 . Notkin, J.: “Affecte Epilepsy” and “Hvsteroeoilencv ( r . 

States in Psychopaths, J. Nerv. & Ment. Dis. 72:135 (Aug’) 193o' ° MVC 

9. Osier, William: Principles and Practice of Medicine ed n r • , , 

Ttam McCrac, X«w York, D. A W kion & Companv , 03 ,, ' ' h - v 

4,l£ ,'ir r ' inE ' B °' Ver ’' P ”"' T '“* Epfcw. , Clin, 
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was conscious during the entire attack -,,,,1 , 

/»« « flushed, and the raus des of fc aeTL^ZLl ZTJt 
a.d of an assistant, the leg teas straightened, and the attach subsided il*,*' 

General, zed Convulsions.— In order to obtain more definite criteria 
foi assistance in arriving at a final decision as to whether a heat) injure 
IS the causative factor m questionable cases for the onset of generalised 
convulsions, we have reviewed 300 articles in the literature, from which 
we were able to collect 65 satisfactory case reports, and 7 case records of 
our own. In analyzing- the records of cases, we have eliminated those 
which we considered to be of nontraumatic epilepsy; those of definite 
Jacksonian character, in most of which the condition was due to bony 
spicules, abscess, intracranial hemorrhage or some other localized patho- 
logic condition, and those of hystero-epilepsy and reflex epilepsy. An 
effort has been made to determine: (1) the relationship between the 
severity of the injury and the onset of the convulsions and (2) the time 
of onset of the convulsions. 


REPORT OF CASES 

Case 1. — History. — L. G., an American, aged 27, a mechanic, reported for 
examination on Nov. 18, 1929, with the complaint of attacks of unconsciousness, 
headache and vertigo. 

The patient’s history and the family history were essentially unimportant. 

Seventeen months previously the patient was struck on the head or (lie back 
by a falling timber (the witnesses differed as to whether the head or the back 
was struck). He became unconscious at once and did not remember anything 
until two weeks later; he was in the hospital for one month and was then dis- 
charged to return to work. After the injury he had attacks of frontal headache 
and dizziness which occurred especially when he was stooping. He tired easily, 
and occasional^ objects became blurred before his eyes. He slept poorly. 
Memory was good for past events, but he was forgetful in carrying out orders. 
He had difficulty in holding positions as a mechanic because he fell asleep and did 
not carry out accurately a simple mechanical procedure. 

Six months before presenting himself for treatment he began to have attacks of 
unconsciousness ; he had eight such attacks in all. A definite aura always precc< o 
them. Occasionally be felt that he was going away in a dream and became uncon 
scious; at other times something seemed to be pulling him forward in terrific jer s 
and he became unconscious at about the third jerk. On one occasion he c iasc< 
friend around the room and tore his shirt off. His last attack was at mmc, 1 " ^ 
weeks before presentation. He called his brother, and when the latter arro w w 
unconscious and rigid; his eyes were closed, his face red and his hre.it ung 
This lasted three minutes; he then said a few words and went to sleep, t f> t,K ' 
required about twenty-four hours for him to become normal after an attac 
was up and about in an hour. He was often confused after this hour. 

Physical Examination . — The patient was a well developed, "ell nmlr . 

The pulse rate was 86; the temperature, 98.6 F. ; the blood pressure, s> ^ 

and SO diastolic; the height, S feet and 5A inches, and the vcigit, ^ 

(67.6 Kg.). He had several moles. The hair, eyes and ears were norma . 
sils were buried and the pharynx reddened. The teeth were in gooe cm niritrt ) 
neck, heart, lungs, abdomen, spine and extremities were all essentia > 
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G LASERS! I A FER-EPILEPSY 
Neurologic Examination. — Cranial Nerves: There were fine ‘-mr _ of £ 

reflex was diminished and the palatal reflex absent : ntherw.se the cr.nu.d n 

WC FroS Lobes ol the Brain : The patient was apparently not exceedingly btieht. 
but he appeared to be sincere. He was not of a quarrelsome nature. 1m when 
ould fight. However, he had had only a letv fights. 1 lie other h.h- ol 
The patient had a strung grip, equal m the tw*> 


insulted wc „ 

the brain were essentially normal. 

Reflexes: The abdominal, patellar and achillc? tendon reflexes were Tightly 
exaggerated and equal on the two sides; otherwise all the reflexes were normal. 
There were no pathologic reflexes. 


-Roentgenograms revealed a fracture 


of the right 


Roentgen Examination. — iwu]i S i,i.v b M...... • •- 

nc of the right fourth and fifth metacarpal bm.es with 


.e revealed no abnormalities 


occipital bone and also one 

some union of the latter. Roentgenograms of the spine 

Diagnosis . — The original injury was diagnosed as fracture of the skull, cerebral 
concussion and fracture of the right fourth and fifth metacarpal Ixiiics 

The later condition was diagnosed as posUraumatic cerebral syndrome, pos- 
traumatic neurosis, possible posttraumatic epilepsy, with partial disability for work. 
Treatment with phenobarbital was instituted. 

Course .— On December 6 there had been no attack- of tutcomciouMie^ during the 
preceding three weeks. The memory was still poor; the dizzincs*- and staggering 
gait had slightly increased, and the patient was drowsy during the day. Wc felt 
that the phenobarbital had probably stopped the attacks hut had made him drowsy 
and increased the dizziness. The dose was decreased to !4 grain (0.016 Gm.l four 
times a day. 

On December 19 the diagnosis of epilepsy was considered, to he confirmed. 
There had been no attacks since the first examination on Xov. IK. 1929, probably 
owing to the constant use of phenobarbital. The only complaint was occasional 
attacks of dizziness when the patient was quiet. The diagnosis was posttraumatic 
epilepsy and posUraumatic cerebral syndrome. 

On Feb. 3, 1930, it was discovered that the patient had had two attacks of epi- 
lepsy since the last examination; one eleven days before and the other four da vs 
before, when he forgot to take his medicine. Physical examination and neurologic 
examinations gave the same results as at the first examination on Xov. 18, 1929. 
The patient was given phenobarbital, % grain (0.016 Gm.) three times a dav and 
'A grain (0.033 Gm.) once a day. 

He was seen periodically until July 31, 39 32. He was kept on phenobarbital, 
which was given in quantities small enough to avoid drowsiness, until Feb. 4 193l’ 
when the drug was discontinued and he was given a placebo. Since August 1930 
he has apparently been able to do any kind of work on the ground. Fie had two 
convulsive seizures in June and July 1931, the first ones since February 1930 hut 
he had none after that. He is now free from complaints. Recent physical exam- 
ination and neurologic examinations revealed no abnormalities. He has received 
no sedative medication since February 1931. He was discharged on that date ns 
'veil, without permanent disability. 

Case 2.— V., an American man, aged 42, an oil-worker w-c 
snle of the face by a pair of tongs weighing 125 pounds (57 W t °" T , 1C ^i'* 
maxilla. was fraefureh; .here war „„ fracore of The J, X 

f '' r ,hr “ f«r Ibree boor,. Three week, (f”e,Thc 
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njury he began to have attacks of petit mal, which would consist of momentary 
menta confusion, with loss of memory and inability to think or to comprehend 
what he was reading. These attacks have occurred from two to four times a day 
ever since they began. Eighteen months after his injury, the first grand mal 
attack developed. In the next twenty months the patient had about fourteen such 
attacks. The attacks are preceded by an aura, which does not occur with the 
petit mal attacks and which consists of a queer feeling, as of a “whirling around’’ 
in his 1 head. If he is standing, he falls heavily and foams at the mouth. He 
becomes totally unconscious, has convulsive movements for two or three minutes 
and then passes into a stupor of varying duration. There is no history of an 
initial cry, of incontinence of urine or feces or of jacksonian attacks. 

Physical examination revealed no abnormalities. The blood pressure was 102 
systolic and 78 diastolic. The clinical and serologic tests gave negative results for 
syphilis ; there were no signs of a tumor of the brain. 

Twenty months after the injury, the patient was placed on a ketogenie diet and 
given medication with phenobarbital. For about six months be was free from 
grand mal attacks ; then he became careless with his treatment and had one attack 
of grand mal. He was then free from attacks for eight months, during the 
last five months of which he did not follow the ketogenie diet but continued to take 
phenobarbital, bromide or other sedatives. This brings the case up to the present. 
A psychiatrist reported that the patient is retarded mentally. He lias pursued no 
gainful occupation since his injury and is considered totally and permanently 
disabled. 


Case 3. — K. H., a Japanese boy, aged 12 .years, was run over by a truck when 
he was 3 years old, the wheels going over his head. He was apparently normal 
until he was 6 years old, when he had an attack of scarlet fever, after which he 
soon began to have mild spells of unconsciousness. These were often accompanied 
by vomiting, cold perspiration and a cold, clammy appearance. They occurred 
about twice a year, each lasting from a few hours to a day, and have not changed 
appreciably in character or severity since they first appeared. 

Twenty-four days ago, the patient had an attack at school and was micon 
scious for fifteen minutes. He did not bite his tongue or become incontinent or 
froth at the mouth. Soon afterward a severe headache developed which 
all day. Six days ago the patient had another attack, in which he did not use 

consciousness but became very dizzy. .. 

Physical examination showed no abnormalities except chronic follicular ton i 
litis, marked postnasal discharge, chronic pain and sinusitis, espccia } 1,1 
maxillary antrums. j 

Neurologic examination revealed that the pupils were moderate!) r . 
that there was nystagmus on looking laterally to the right and the Ic t. ic I ^ ^ 
was oriented as to persons, place and time; cooperation and attention "ire h 
There was no weakness or paralysis. The abdominal, cremasteric, pate . ^ 

achilles tendon reflexes were all exaggerated and equal on the tun m< < 
Wassermann test of the blood was negative; the blood count uns n,,nl '.‘j . 

An encephalogram showed that the right ventricle was moderate v ^ ^ 

the left ventricle contracted. There was a deformity of the anti nor u ^ ^ ^ 
left ventricle. A greater amount of air than is present norma > w jjj |„. 

occipital area, which suggested cortical atrophy. A later examirvi u 
necessary to determine if a tumor of the brain is developing. u ,. r ,. 

An otologist carried out the vestibular tests and reported t ut h ^ 
suggestive of a lesion involving the intracranial vestibular put iv. a> '. ^ ^ ^ 
that the vertical nystagmus upward, which appeared occasion.! > " !< 
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eazed at an extreme angle upward, lie watched. , , i t, 

to the nature of the lesion; he thought that .1 might have hern pr->- uud 1 > ■« 
toxemia such as the scarlet fever from which the pat, cut had suffered. He 
recommended tonsillectomy and treatment of the sinusitis 

Onlv one observation has been made m tins patrent to <late. A «ha..n . 
convulsive seizures secondary (o unilateral hydrocephalus and cortical ajn*h> ^ 
made, and it was advised that the patient be given phcnokarlntal and .1 limited 

amount of fluids. 

C\se 4— G. S., a man aged 68, married, a painter, fell 8 feet (’.4 meters!, 
sustaining a fracture of the left parietal Irene, with extradural hemorrhage, and 
also a fracture of one scapula and of a great toe. Roentgenograms Hiowed a 
comminuted fracture of the vault ; no operation was done. The patient was m the 
hospital for several months; he was unconscious tor three days following the 
injury. Blood flowed from the left ear at the time of injury. 

Two months after the injury the patient was improving mentally, and Bit- 
wound was draining; he had difficulty in speaking at times. 1 line months alter 
the injury, in attempting to turn over quickly, lie became dizzy. He still bad some 
difficulty in speaking; his hearing in the left ear was impaired, and he was dizzy 
and nervous. Four months after the injury some teeth were pulled, and the jaw 
was curetted. Seven months after the injury he was improving ; during the follow- 
ing month he was still dizzy. Eight and one-half months after the injury, while 
at work, he suddenly fell, becoming unconscious. Following this be bad the first 
headache since his injury. Nine and a half months after the injury arteriosclerosis 
and nephritis were diagnosed, and some of the attending surgeons statei! the belief 
that these conditions may have accounted for some symptoms. A week later, a shoot- 
ing pain developed over the left side of the bead, with dizziness, and lie again 
fainted. Eleven months after the injury, while driving a truck, lie became uncon- 
scious and drove into a telegraph pole. Two weeks later, he complained of 
tinnitus and of dizziness of moderate severity when lying on his right side. He 
also suffered loss of memory and was irritable. The biceps reflex was slightly 
more active on the right, as were the triceps and radial reflexes. There was no 
Babinski sign. 

Fourteen months after the injury, while he was eating in a cafeteria, his head 
and eyes were drawn to the right side and he became unconscious and fell to the 
floor, biting his tongue. 

Three months later he was given phenobarbital because of another epileptic 

The case was terminated nineteen months after the injury by a permanent dis- 
ability rating by the Industrial Accident Commission of 78.5 per cent disability 
based on dizziness, limited motion of the shoulders, loss of hearing and retinal 
lemorrhage He received $20.83 a week for forty weeks and a pension for the 
remainder of his life of $5.93 a week. 

fron.tr*'~ A \ J ' S -’,f man aged 51 > ^stained a depressed fracture of the left 
rontal hone and a stellate fracture of the base of the skull just posterior to the 
e t mastoid process. The patient was unconscious for six davs folWino- ,1 

r„„ atl „ acd<knl a s „ btcmpi)ral A" 0 ”” 8 . ; ih ' 

Complete anosmia developed immediately after the iniurv 1 . ,nc ‘ 

“>«>•' *■, f.»r month, after , hc ^ mlT f 

moderate euphoria, and the patient was easily excited Vw “I , 1 '?" and 
“were superimposed on an original low grade mentality and * ° P * 

Impairment of hearing was noted about a vear after The Z 0me , n f urasthe ™- 

■"creased over a period of twelve months Allowing its first annea K r adually 

S ts first appearance, being more 
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marked on the left side. One year after the injury the patient showed slow 

AtrtnT nf o S °r 111 mem ° ry f ° r events Io,, S P*t, these persisted. 

A trophj of the optic nerve on the left side was definitely diagnosed eight months 

after the accident. Twenty-five months after the accident there appeared for the first 
time epileptiform attacks with cramping of the arms, legs and stomach. The 
patient complained of headaches, vertigo and blurred vision in the left eve con- 
tinuously after the accident. 

On examination there was a slightly exaggerated patellar reflex on the left 
side; a slight increase in the left biceps and achilles reflexes lasted for a year 
following the injury. 


The patient received a permanent disability rating from the Industrial Accident 
Commission of 100 per cent about thirty-five months after the accident, for 
industrial blindness of the left ej'e, anosmia, impaired hearing of both cars, mental 
deficiency and traumatic epilepsy. 


Case 6. — R. W. H., a man aged 40, an iron-worker, fell IS feet (6 meters) 
sustaining a transverse fracture of the occipital bone. The patient was uncon- 
scious; he remained in the hospital for eighteen days. Forty-nine months after 
the accident, fainting attacks developed ; he would perspire over his entire body, 
his face would become pale and he would feel weak and fall on his knees. His 
entire head seemed to throb before an attack. 

Neurologic examination revealed no abnormalities at that time. He had 
attacks of headache. During the second attack, the patient had a peculiar taste in 
his mouth, and vision became blurred. During the third attack he also had a 
peculiar taste. The attacks were of only momentary duration, and he felt entirely 
well afterward. 

Tests of the spinal fluid one month after the attacks began gave negative results, 
The patient was given phenobarbital. Fourteen months after the attacks began, 
they ceased, but if the dose of phenobarbital was decreased the patient had an 
olfactory aura. He was observed for thirty-two months after the onset of attacks 
and in the last eighteen months of that period he had experienced no attacks, but 
had been given phenobarbital, generally 2 grains (0.13 Gm.) a day. Toward flu 
end of that period he returned to work as an iron-worker. 

This case was considered to be one of posttraumatic epilepsy with aura, tic 
attacks being of the petit mal variety, which developed long after tin injur.'- 
Case 7.— F. S., a man aged 45, was admitted to the hospital on March 3, I f, 33. 

anti discharged on the same day. . , 

The patient had received an injury to the head twcnty-fnc rears pre' 1 • 

Since then he had had epileptic attacks frequently. During an attac tur - ‘j 

turned dark before his eyes and he fell to the floor, frothing .it U 1 ' ^ 
biting his tongue. He complained of headache after regaining concern ! imk 
attacks began from two to three years after the injury. ^ u 

The physical condition of the patient was normal. The hh<i< J >r ‘ 

110 systolic and 70 diastolic. An encephalogram was to be made, >u or 
unknown it was not clone. . jp,- 

The spinal fluid was clear, with 4 cells; there was a s "• ,l " 
globulin, and the Wassermann test was negative. 

The diagnosis was posttraumatic epilepsy. 


COMMENT 

The study of the articles reviewed was begun 
obtaining data based on complete histories of cast 


with the pun"'-" 
■>. hut tfii' ha- I' 


dt 
'7 i 
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extremdv disappointing; the records of cases have been myrnyh -iv. 
demds necessary for careful analysis bein, absent. In rnanv mMm 
no attempt has been made to differentiate focal e,ulepsy trnm ffi m raffit d 
epilepsy. The majority of the articles are stal.rt.cn summary at - 
taining occasional records of cases. The conclusions drawn trout sumle 
reports of cases in some instances have been biased and opinionated amt 
not based on the facts presented by the case. 1 hnvever. aside turn ihe'e 
difficulties, several excellent detailed reports comprising analytic Mimic- 
of large numbers of cases of epilepsy, chiefly from bullet wounds 
received in war. have appeared in the literature of the laM decade. 

As may be noted from the following statistics, epilepsy occurs 
with sufficient frequency following injury to the head to be of 


Statistics on Epilepsy 



Cn c <- c of 

Jndd' lire of 


Hi ail 

r.idl' i'-y. 

Author 

Injury 

ivrrTitap* 

Rawling 

4.", 2 

r>* 

Steinthal and Xagel 




Coleman 

:a 


Villande 

47) 

71* 

Vogeler 

V-!l 

>«.:• 

t „_i — . 

2 ;>.) 

V.'.A 

! • , • ■ ; < ■ 

‘2H» 


■J - 

4,‘JfA 

10.14 

Vlllarct and Bailhy 

too 

4 

Rclchman 


;• <. 

Adie and Vagstaftc 


f, 

Xeuhol 

17’ 

1.7 

Bowers 

3.W 


Wilson 



Glaser and Shafer 

*>•>* 


Hedlich (review of the literature; 


2 f » 

Cohb (review of the literature; 


4 


clinical importance. On the other band, there is a great variance in 
statistics as to the number of patients in whom posttraumatic con- 
vulsions develop. 

In Ratvling’s 11 series of 452 cases of wounds of the head, epilepsy 
occurred in 25 per cent. The attacks in 57 per cent of the cases were 
generalized ; in 25 per cent they were jacksonian. 

Steinthal and Nagel 12 reported 639 cases of bullet wounds of the 
bram from injuries received in war, in 28.9 per cent of which typical 
epilepsy developed. In another 6.6 per cent of the cases the patient 
showed some epileptiform symptoms. Steinthal and Nagel divided their 
cases into primary cases, in which the epilepsy occurred at once or nearly 
’ *• e -’ Cl ther at the tm,e of the in i ur y or during the healing of the 

iw" ! I S«u”w!;s. B ,922 r '’' ESMS ° f G »“ ta Wowk of life Haul, 

£^Sj Bh ? keit im b6 ?' rlicta Kcr » t 

henr. z. klin. Chir. 137:361, 1926; 143 : 35 , 1928 & ^ traUniatlsclien E P''epsie, 
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wound, and into secondary cases, in which the epilepsy occurred after 
healing. They found that 62.7 per cent of the cases of epilepsy belonged 
to the primary division and 37.3 per cent to the secondary. In 6.4 per 
cent of the epileptic patients the disease did not develop until four years 
or more after the injury. 

Coleman 13 reported an incidence of epilepsy of 31 per cent in 
50 cases of head injury. 

Villande 14 reported epileptic seizures in 70 per cent of 450 cases 
of cranial wounds. 

Vogeler, 15 in 1,334 cases of bullet wounds of the skull, found that 

epilepsy occurred in 16.5 per cent. 

Redlich, quoted by Vogeler, in a review of the entire literature 
described traumatic epilepsy as occurring in from 15 to 20 per cent of 

the cases of wounds of the head. 

Levinger, 10 of 229 cases of head injury, found that epilepsy 
developed in 13 per cent, while Frazier and Ingham 14 reported that o 
200 cases of gunshot wounds of the head epilepsy developed in 1-.5 


Tuffier and Gullian, quoted by Frazier and Ingham, 1 ' at the Third 
Interallied Congress held in Val-de-Grace, on Nov. 5, 1917, reported 
that epilepsy occurred in 10.14 per cent of 4,262 cases. { 

Cobb 18 stated that traumatic epilepsy occurred in a w 1 
of cases of injury to the head. 

Villaret and Bailby -Mound in 

r'nllipr 20 in from 5 to 8 per cent ot nis cases, a 
3 S per’ cent of 600 cases. Wagstaffe and Adie,== in a pt.bhcat.on of R 

lFcoieman, C C, The Late Results of a Series of Head Injuries. VM* 

M. Monthly 48:235 (Aug.) 1921 pharm. mil. 68: 

14. Villande, C.: Healing of Skull Wounds, Arch, dc 

546 (Oct.) 1917. Schadelsclmssvcrlctztcn. Dctitsclif 

15. Vogeler, K.: Das Spatsch.cksal der Schadeisct 

Ztschr. f. Chir. 234:245, 1931. L ’nfall Hirnvcrlctztcii mil 

16. Levinger, Louis: Untersuchungen an 30 di 1 )]ir 31: 372. 1932. 

epileptiformen Erscheinungen, Arch. f. orthop. ^ (|)e ;. :fTcc ts of Gu.i4.ot 

17. Frazier, C. H., and Ingham, S. D . . A ]92Q 

w rcl ,h s,r; 'XU * - 

(M S j r-. M„ and Bailb, ^ ^ 
Cerebral Trauma, Ten to Twelve Years After Injurj, 

(March 5) 1927. v-m.rc and Treatment of Hpilcp-.' • ' nI - 

20. Collier, James : Discussion of the . . 

M. J. 2:1045 (Dec. 6) 1924. Frwll ,e..cv of Kpileptir Sein.n- Alt' 

21. Reichmann, V.: Occurrence and rrcrp.cn ^ 

s t ™ KmuT Vis 

'4rrs »* 
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Medical Research Committee ot Great Britain, rcportcl epilepsy in 6 

ner cent of 610 cases. » 

P Xeuhof- had “statements of epilepsy" in 3. or 1./ per cent, ot 


1/3 Bowers, 10 in a review of 3.000 cases of head injury, found that the 


incidence of epilepsy was 3.3 per cent. 

Wilson 24 found epilepsy in 5 per cent of 1MJW ca>es. 

Glaser and Shafer. 55 on investigation of 323 cases, found traumatic 
epilepsy in 19, or 5.8 per cent: in 6. or 1.8 per cent of the total num wr. 
the attacks were generalized ; in 5. or 1.5 per cent, they were men . and 
in 8, or 2.4 per cent, the condition was diagnosed as hystero-epuepsv, 
We have described our seven cases of generalized traumatic epilepsy in 


detail earlier. 

It has been determined by this analysis that generalized convulsions 
may occur within the first ten days after injury. The important factor 
in regard to these early convulsions is that in every case the injury was 
of great severity. Kaldewey, 2 ' 1 * from his investigation, decided that 
these cases are extremely rare. Vogelcr. 13 in a review ol 743 cases of 
gunshot wounds with 163 cases of epilepsy, found 18 in which early 
convulsions developed. Every patient had received unusually severe 
head injury which was associated with fracture of either the base or 
the vault. 

Foerster, in 1926, stated that immediate epileptic attacks could follow 
trauma of the head but would occur only in cases of severe injuries, 
such as fracture, hematoma or foreign bodies within the brain. 

One may conclude from our statistical study, as well as from tbc 
opinion of the various authorities, that early convulsions must be associ- 
ated with severe injury to the brain. For this reason any case in which 
epileptic seizures of the generalized type develop after a minor injurv, 
as in the case which we have reported, within a period of several weeks 
would immediately be excluded from the posttraumatic group. 

Further investigation of these cases brought out only one outstanding 
feature : In all the cases in which generalized epilepsy developed, the 
injury was of great severity. 

Muskens 2 ' stated the. belief that the diagnosis of traumatic epilepsy 
must he reserved for cases in which a fracture of the skull exists. 


2 -3. Neuliof, Harold: Treatment of Craniocerebral Wounds and Its Results 

Ann. Surg. 72:556 (Nov.) 1920. results, 

24. Wilson, S. A. K.: The Role of Trauma in the Etioloev nf rww i 

Functional Nervous Disease, J. A. M. A. 81:2172 (Dec. 29) 1921 S * * * * ' C ^ 

25. Glaser, M. A., and Shafer, F. P • Skull and PraW t mi 

Sequelae, J. A. M. A. 98:271 (Jan. 23) 1932. Trauma; Their 

Unfallh^ 37 HgT ( April )^ 19 3 0 ^ ra ^ C Frfihcpilepsie nach Unfall, Monatscbr. f. 

27. Muskens, L. J. J.: Epilepsy, New York, William Wood & Company, 1928. 
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Fracture of the skull or unconsciousness for a relatively long period 
existed in all the cases. None of the patients had merely a slight 
laceration of the scalp. In very few of the cases did generalized epi- 
lepsy develop within the first five or six months, except in those cases 
in which it developed within the first ten days. The generalized epileptic 
seizin es developed six months or more after the injury. In the article 
by Vogeler it was reported that the convulsive seizures developed pri- 
mal ily in a period of from six months to two years after the injury, 
but additional cases developed at an average rate of 0.22 per cent, or 
1 in 445, until the seventeenth year after the injury. This was also 
found by us. 

Throughout the literature there are numerous reports of cases of 
epilepsy developing at this late period. Of course it is difficult to 
ascertain the relationship between an alleged head injury and epilepsy 
which has developed about seventeen years afterward. From the war 
statistics it appears that this is possible. 

It is the belief of some authors, though without substantiation, that 
the production of epilepsy is dependent on a special tendency for spasms 
to develop in a particular person and that the injury acts merely as an 
exciting or culminating factor. 

It is apparent from our studies that posttraumatic generalized 
epilepsy may occur within the first ten days or so following a head 
injury in which the trauma is markedly severe and that in a period of 
from five to six months thereafter it does not often occur. Any case 
in which generalized epilepsy develops during that period should not 
be classified as of traumatic origin until such an origin is definitely 
proved. This fact is of interest from a pathologic standpoint and fit.'' 
in with the development of changes in the brain ( Xaftzigci at u 
Glaser 28 ). 

The majority of the convulsive seizures develop within the first two 
years after injury. Posttraumatic epilepsy' is rare. It occuts in approxt 
mately from 1.5 to 4 per cent of the cases. That it appears on y 
cases of severe trauma is to be expected, for, should it be pi .dint n 
cases of minor head injuries, it would develop in practically c\eiy c n < • 


PATHOLOGY 

Injuries of the head may bring about various pathologic charig<- 
within the brain. It is impossible to state that many of t um " u - 
related to succeeding epilepsy. Which of these .pathologic c ^ 

responsible for late epilepsy one cannot state with any ci rI ‘ 1 ".' ' ( . (||1 | r | 
literature has not revealed uniform pathologic change- " rt ,.^ n!K 
account for the development of generalized cpilcp-y . 


I hr I ’’:'' ■■ 


28. NafTziger. H. C.. and Glaser. M. A.: An Hxperinienta! Stnffi jfj 

of Depressed Fractures of the Skull, Snrg.. Gyitec. & Otxt. 



GLASER-SHAFBR — EPILEPSY AXD HEAD IXJrh’V 


we have briefly considered the various organic change- which :.!<• hnoun 
to exist in the brain following trauma. It is possi i e ' ■ 

these may he responsible for generalized epilepsy, yet. on the otlut 
hand, it may again be true that such epilepsy, seeondnn P« U.unu. n 
the head, mav occur in a perfectly normal brain. '1 hese points to date 
have not been verified by a sufficiently extensive statistical Mudt .<» 

justify anv conclusions. . . 

Much of our knowledge of the pathology of concussion is deduced 

from the more serious cases of head injury. 1 here is the wnk of 
Trotter.'-” Head. 8 ” Cushing, 31 Mott. 3 -' Meyer,” 3 Cassasa.' 1 Adami and 


Foix. M 

There are numerous theories as to the mechanism by which the^c 
pathologic changes may be brought about. This is not within the '•cope 
of this paper. 

Trotter and Head have described opacity of the arachnoid with slight 
distention from the fluid beneath. The brain is orange-colored a*- n 
result of extravasation of blood. This is found in cases of old unresolved 
contusions. In the more severe cases of brain injury, as described by 
Cushing, there is actual disorganization of the substance of the brain, 
with severe intracerebral hemorrhage. 

Adolph Meyer described small foci of softening, or defects of the 
cortex, in the tips of the frontal or temporal lobes. 

Cassasa described 5 cases which seemed to be true cases of con- 
cussion. At autopsy gross section showed many minute hemorrhages 
scattered throughout the brain, including the cerebellum. Microscopic 
examination showed areas of hemorrhage limited to the perivascular 
lymph spaces and others also within the immediate adjoining substance 
of the brain. 

Osnato and Giliberti 37 remarked that the appearance of microscopic 
sections showed a striking similarity to the perivascular extravasation 
observed in epidemic encephalitis. 


29. Trotter, Wilfred: Shell Wounds of the Head, Brain 42:353. 1919. 

30. Head, Henry. Shell Wounds of the Head, Brain 42:349, 1919. 

31. Cushing. Harvey: A Study of a Series of Wounds Involving the Brain 
and Its Enveloping Membranes, Brit. J. Surg. 5:505, 1918. 

32. Mott, F. W. : War Neuroses and Shell Shock, New York, Oxford Uni- 
versity Press, 1919, pp. 4, 5 and 38. 

33. Meyer, Adolf: The Anatomical Facts and Clinical Varieties of Traumatic 
Insanity, Am. J. Insanity 6:374, 377, 382 and 388 (Jan.) 1904. 

v 'V' Jp'f asa - C - B - : Multiple Traumatic Cerebral Hemorrhages Proc New 
Wk Path. Soc. 24:101 (Jan.-May) 1924. ’ 


H 


. wt m ^ 2 G ;”575 N ““ S ' G ' : Pr ”'”“ <* *. 4 London. 

36. Foix, Charles: Traumatic Lesions of the Skull anrl • ... , 

lot York. Thom.. K *» & Son,, 1920, ^ 6 ” MS W 

3/. Osna.o, Michael, and Giliberti, V : Postconrn«W, -v, ’ P ' . ’ 

Encephalitis, Arch. Neurol. & Psychiat. 18:181 (Aug.) Traumatic 
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Ta nzi, m cases in which the condition was classified as 
element, a traumata, described small old hemorrhagic foci, trans- 

oinied into cysts or into glial scars, diffuse chronic lesions of the 
nervous elements and chronic diffuse lesions of the vessels. He expressed 
the belief that following trauma lesions occur which later develop into 
the chronic processes of gliosis and degeneration. 

With these changes, as described by Cassasa, it cannot but follow 
that certain mental and somatic symptoms will occur, developing with 
the secondary diffuse degeneration of glial and ganglion cells. The 
degiee of this secondary diffuse process should determine the clinical 
phenomena that is interpreted as the posttraumatic cerebral syndrome. 
From experimental evidence, presumably the brain is sensitized so that 
sooner or later environmental influences produce additional symptoms 
which may be classified as psychoneurotic and are superimposed on the 
symptoms of the posttraumatic cerebral syndrome. This may result 
in hystero-epileps)'. 

Naffziger and Glaser , 28 in experimentally produced cases of depressed 
fracture of the skull in rabbits, in which the animals were followed for 
a period of a year or more, demonstrated early cortical vascular changes 
due to the acute effects of the trauma. The acute pathologic condition 
cleared up within six weeks. At the end of eight months, deep-seated 
glial changes were noted directly beneath the site of injury, over the 
corpus callosum. The experiments were controlled by another set of 
animals in which depressions of the brain were produced by beads rather 
than l :)) 7 depressed fractures. In these no evidence of glial proliferation 
occurred. It is interesting to note that the clinical development of 
epilepsy occurs late and that the glial changes in the animals occurred 
late. What significance the deep-seated glial changes have in relation 
to the production of posttraumatic epilepsy has yet to be dcmonstiatccl, 
but the time limit is suggestive. There is a possibility that in post- 
traumatic epilepsy deep glial changes do occur over the corpus callosum, 
as in the animals. 

Fay and Winkelman , 39 as the result of the observations of High' 
that blood introduced into the subarachnoid space caused adhesions, 
expressed the belief that the pacchionian bodies were injured, "iti ■* 
resulting obstruction to the absorption of spinal fluid "bich can.' 
secondary pressure atrophy of the cortex. 


38. Tanzi, Eugenio: A Text-Book of Mental Diseases, translated jr 1 

Italian by W. Ford Robertson and T. C. Mackenzie, New York, Kelmian U>, • 

39. Fay, Temple, and Winkelman, N. W.: Pacchionian System ; U> t > ' * 
and Pathologic Changes with Particular Reference to Idiopathic am 

States, Arch. Neurol. & Psychiat. 23:44 (Jan.) 1930. . , j 1)(r „. 

40. Bagley, Charles: Functional and Organic Alterations Fo mun ^ 

duction of Blood into the Cerebrospinal Fluid, A. Research Nen. 

Proc. 8:217, 1927. 
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GLASER-Sl 1 A PER— CP! L E PS 5 ' 

Spielmever 11 has found in cases of epilepsy whether j.r 

traumatic, changes within the cornu amnionis and the cere he Hum. < 

changes were in the form of sclerosis. The sclerosts had the appe.u - 
ance of a thick, glial proliferation. In addition, there was loss nt 
ganglion cells in definite areas. These were the late changes, hpie - 
meyer stated the belief that the relatively unsatisfactory blood supply 
to these parts causes them to suffer first, whereas in other parts ot the 
brain, because of compensatory circulation, less reaction to the dis- 
turbance occurs. As all organic sources of these disturbances have been 
excluded, one must conclude that the vasomotor changes are influential 
in the mechanism of the epileptic attacks. As there is no evidence of 
stasis, the source must he vasospasm. This compares with the obser- 
vations of Horsley, Dandy, Kennedy, llorrax and others, who have 
described sudden anemia and a decrease in the size of the brain at the 
beginning of each attack during exploratory craniotomy. These obser- 
vations do not state the essential cause of the attack, but they help us to 
draw some conclusions about the mechanism. 

Directly due to trauma there may he focal lesions with actual destruc- 
tion of the brain, as has been described earlier in this paper, in addi- 
tion, the immediate effect of generalized edema of the brain should be 
recognized. Rand and Courville 42 in fatal cases of injury of the bead 
found increased vacuolation of the choroid epithelium and of the 
ependymal cells, with a variable degree of edema and with heightening 
of the individual cells. Occasional hemorrhagic extravasation was 
observed, but more frequently there was pigment in the stroma and 
epithelial vacuoles. 

All these pathologic changes are secondary to hemorrhage, and the 
late effects are dependent on degenerative adhesions or glial proliferation 
secondary to the original hemorrhage. Were one to consider these 
pathologic changes the cause of the convulsions, there would he mam- 
more cases of epilepsy than exist. As one knows in proportion to the 
tremendous number of head injuries that occur epilepsy is in the 
minority and occurs following only the more severe type of injury. 

The fact that a head injury sensitizes the brain so that extraneous 
circumstances may more readily bring on convulsions was shown by the 
work of Sauerback in 1913, who found that after trauma to the motor 
cortex smaller doses of cocaine produced convulsions than would oro- 
ciuce convu lsions in normal control animals. Dandy and Elman 43 

v 45 \ Sp o iC lT eyer ’ W " Anatomic Substratum of the Convulsive W a , 
X enrol. & Psychiat. 23:169 (May) 1930 States, Arch. 

4 **• ** * 


Dandv W P , xr« ' ' 23:357 (Sc H> 1931. 

hull. Johns Hopkins Hos", ae^Ja^ws 5411 *” “ Experimenta1 Epilepsy, 
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of these cases the vestibular ,1 abnon ™ Bti «- I" Practically all 
normal constitutional resplset lo "^T ™ * * 

douching the constitutional responses cvere s„^ 



Fig. 1 . Roentgenogram showing posttramnatic epilepsy secondary to a 

epressed fracture of the skull. There are contraction of the ventricles and a ho 
cortical atrophy. 


Rand and Linthicum, 4 ' while making a study of 35 cases found defi- 
nite e\ idence of vestibular abnormalities. G laser in a study of 65 cases 

44. Pike, F. H., and others: Some Observations on Experimentally Produced 
Convulsions, Am. J. Psychiat. 10:67 (Jan.) 1931. 

45. Worth, S. B., and McCulloch, \V. S. : Head Injuries: An Experimental 
Stud}-, Arch. Surg. 25:529 (Sept.) 19.32. 

46^ Langdon, H. M., and Jones, I. H. : Intimate Relations Between the har 
and Eyes, as Shown by the Baranv Tests, Arch. Ophth. 47:. 348 and 354 tjuhi 
1918. 

4/. Rand. C. \V„ and Linthicum, F. : Xeuro-Otologicnl Observation- in <'”• 
cussion of the Brain. Arch. Otolaryng. 13:785 (June) 1931. 
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vestibular pathways. 

Encephalographic changes 
unequal ventricles, atrophy or 


in the form of distortion of the ventricles 
arachnitis have been found f figs. 1 to 1 t 




Fig. 2.— Roentgenogram showing posttraumatic epilepsy with a ventricular shift 
secondary to cerebral trauma and cortical atrophy. 

It is true that in many of these cases there was a normal encephalo- 
graphic picture. Grant, 48 in a review of 123 cases of epilepsy, of which 
51 were posttraumatic, found that in 9.8 per cent of the traumatic group 
the encephalograms were normal. Atrophy and arachnitis were equally 
divided, while ventricular asymmetry occurred in 5.9 per cent of the 
idiopathic g roup and in 45 per cent of the traumatic group. It can 

p^’«;,3,o c ,j JrSS to8n,thy -* & 
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thus be noted that normal encephalograms, as well as ventricular 
asymmetry, predominate in the posttraumatic group. 

Encephalograms are also of value in ruling out the presence of a 
tumor of the brain as the cause of epilepsy. In 2 cases under our 
observation epilepsy was a predominant symptom following a head 
injury. Later studies revealed the presence of a tumor of the brain, 
thus eliminating the preceding trauma as the cause of the epilepsy. 



size of the ventricles and cortical atrophy. 


For medicolegal purposes the encephalogram has 
value in the differentiation of posttraumatic trom 
No definite statement can be made. 


THERAPEUTICS 


It is not within the scope of this paper to enter into 
the therapeutics of epilepsy. However, two methor s mu> 


a clFcti^"" 

■ he mentioned : 


CLASER-SHAFEn-MUilS V AVU UIM> IX1VKY 


FO.t 


„ n r f nr .,i enileusv. as described by 

for h, !<*"««£ 

1 r rant in reporting 51 cases of traumatic epilepsy, the pi't.t 
'o( rtch in regard to conu.Wons In, a In. MWd fn»> twelve nnm.l- 
to „,o years, reported 12 in which the patient was completely reheu 
10 in which the patient was partially relieved. \/ m w w. i t U F |1M 
was unimproved and 12 in which the outcome was fatal. In the 3. c. so 



Fig. 4.— Roentgenogram showing posttraumatic epilepsy with a ventricular shift 
and cortical atrophy. 


which he followed, 22, or 55.6 per cent, of the patients showed definite 
improvement; 17, or 43.5 per cent, showed no improvement. For this 
reason the question of encephalography, both as a differential diagnostic 
measure in distinguishing cases of an organic pathologic condition such 
as tumor of the brain, from those of traumatic epilepsy and as a thera- 
peutic measure, should he considered in cases of posttraumatic epilepsy 

»Z'Z s t s 'r hcm °" M by Fay - pm ' 
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CONCLUSIONS 

A statistical study of cases of head injury reveals a wide discrepancy 
in the percentage of incidence of generalized epilepsy following trauma 
of the head. A careful analysis of these articles from our own personal 
experience indicates that the most likely incidence is in the neighborhood 
of 2.5 per cent in the cases of more severe head injury. 

A statistical study indicates that epilepsy does not develop after 
minor, but follows only severe, head injury and generally occurs only in 
cases in which there has been fracture of the skull. 


Generalized epilepsy may develop within the first ten days after head 
injury, provided the injury is of excessive severity. 

Posttraumatic epilepsy occurs most frequently from six months to 
two years after the injury, less frequently from two to seven years 
afterward and infrequently from seven to twenty years afterward. 

In attributing the epilepsy to trauma, all extraneous factors must 
be ruled out, particularly a history of convulsions prior to the trauma. 
Thorough physical and neurologic examinations should be made in order 
to establish that there is no organic, physical or neurologic disease and 
no mental condition other than the effects of the trauma causing the 
convulsions. In cases in which the first convulsion occurs at the time 
of the injury, special care in getting a detailed history is necessary to 
make certain that the injury did not happen because of the onset of an 
attack of idiopathic epilepsy. 

Convulsive seizures developing in the first six months after minor 
head injuries should be considered psychoneurotic in origin, and every 
effort should be made to rule out such an etiology before the condition 
is diagnosed as true epilepsy. These statistical studies and our case 
reports have indicated the psychoneurotic character of such seizures, 


particularly in the cases of minor head injury. 

We know of no method of preventing the occurrence of generalized 
epilepsy following head trauma other than the utilization of the accepter 
methods of treatment of the original injury. 

Unless there is some special contraindication, we* ^' eu 
encephalograms shoidd be made in every case of posttraumatic cpi i] . ■ 
both because they may have definite therapeutic value and .because t 
may give further information of marked value in outlining ^ 
advisable steps for treatment; in some cases they have shoun 
that open operation should be performed. 



INJURIES 


TO THE CRUCIAL LIGAMENTS 


HENRY MILCH, M.D. 

NEW YORK 

Injuries to the crucial ligaments have been considered among the 
more serious internal derangements of the knee joint, and a great deal 
of surgical thought and work has been directed toward obv.atmg the 
ill effects of these injuries. At the outset. Mayo-Rohsnn 1 and others 
attempted simple suture of the torn ligament. Later silk, then wire and 
finally fascia wrapped about silk were used to replace the torn ligament. 
However, Sir Robert Jones called attention to the fact that in complete 
dislocations of the knee, rupture of both crucial ligaments had to he 
predicated, and he expressed the opinion that the good results, when 
present, were due to the effects of prolonged rest rather than to the 
repair of the torn ligaments. In 1917, Hey Groves 2 published the descrip- 
tion of his operation for the reconstruction of the ruptured anterior 
crucial ligaments. Though it effected a great improvement of the 
surgical results, the operation did not appear to he entirely satisfactory 
until its modification by the addition of the Ahvyn Smith * procedure, 
which was designed for the repair of the tibial collateral ligament and 
which later was accepted by Hey Groves.' This combined operation 
has given some excellent results in my hands, as well as in the hands 
of other surgeons. The main drawback has been that the operation is 
complicated and requires considerable technical skill. This, taken in 
conjunction with other considerations, which will he noted later, has 
led to a review of the subject, particularly with the view of determining 
whether the disability is due entirely to injury of the crucial ligament 
and whether, in that event, the Groves-Smith operation is the method 
of necessity. 

In spite of much that has been written about the functions of the 
crucial ligaments, there is still far from unanimity of opinion on the 
subject. From a consideration of the size and strength of the crucial 
ligaments, it appears reasonable to infer that they develop in response 
to powerful stresses and strains and that they perform a valuable and 
necessary role in the economy of the knee joint. But just what this 
role may he is problematic. Some investigators think that the crucial 
ligaments a ct merely as ligamenta teres, binding the tibia and femur 

From ‘he sen-ice of Dr Harry Finkelstein at the Hospital for Joint Diseases 

1. Majo- Robson, A. W.: Ann. Surg, 37 : 716, 1903 CS ' 

2. Groves, E. W. H. : Lancet 2:674 (Nov. 3) 1917 . 

3. Smith, Ahvyn : Brit. J. Surg. 6:176, 1918 

L Groves. E. W. H.: British J. Surg. ’7:305 (April) 1920. 
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together and others consider that they are the true posterior ligaments 
of the knee joint, while still others believe that they represent the 
vestiges of ligaments which originally united two separate tibiofemoral 
joints. The majority, however, are of the opinion that these ligaments 
are the mam, if not the sole, means of maintaining the stability of the 
joint. Since it is on the question of the significance of these ligaments 
that the rationale of the surgical therapy depends, a brief resume of 
the knowledge on this subject will be condoned. 


Information as to the function of the crucial ligaments has been 
gained through three main sources : ( 1 ) the study of their anatomic 
configuration and apparent physiologic action in the cadaver; (2) the 
experimental production on the cadaver of injuries to one or more of 
the ligaments of the knee joint and the determination of the disabilities 
so occasioned, and (3) the clinical study of patients. 

Anatomical!}'', by the obliquity of their direction, the crucial liga- 
ments seem specifically designed to prevent displacement of the tibia in 
an anteroposterior direction. The anterior crucial ligament, attached 
above to the outer condyle of the femur and running downward, 
forward and medially to the depression in front of the tibial spine, 
appears to act as a check to forward displacement of the tibia. I he 
posterior crucial ligament, coursing downward, backward and laterally 
from its attachment on the inner femoral condyle, appears to function 
as a check to backward dislocation of the tibia. Since forward tibial 


displacement normally occurs during extension and backward displace- 
ment during flexion, it has been believed that the anterior crucial 
ligament is tense only during extension while the posterior crucial 
ligament is tense only during flexion. The more careful studies of 
Weber, 5 6 Meyer,® Fick 7 and others have demonstrated that this is far 
from the truth. 

It appears that, in its normal function, motion of the knee ma} be 
divided into two components; a flexion-extension motion, which occurs 
around a transverse axis, and a rotatory motion, which takes place 
mainly in extreme extension or in extreme flexion around a \cr(ica 
axis. During the rotatory motion the crucial ligaments, acting toget itr, 
prevent excessive internal rotation of the tibia, but neither plajs a part 
in the absence of the other. This is due to the fact that during cxion 
the posterior crucial ligament -acts as a stay around which the anU n 
winds and, thus becoming taut, hinders undue internal rotation o 


5. Weber, W. E., and Weber, E. F.: Mcchanik der mcnschliclicn Gewcrkntwu 

Gottingen, Dieterich, 1836 ; quoted by Fick 7 and PngenstechciA . 

6. Meyer, G. H.: Die Statik und Mcchanik der Gelenke, Lc«P«* 

Engelmann, 1873, p. 368. . , , r Ji.: 

7. Fick, R. : Anatomic nnd Mcchanik der Gelenke, in Fan ev 
Handbuch der Ana tomie, Jena, Gustav Fischer, 1904, p ■ 521. 
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adduction or hyperabduction of the tibia results in injury to the crucial 
igaments only after preliminary tearing of the collateral ligaments. 
4. Hyperpronation, i. e., internal rotation of the tibia, and hyper- 
supmation, i. e., external rotation of the tibia, occasion damage to the 
capsule, the collateral ligaments or the menisci before causing lesions 
of the crucial ligaments. Pringle 10 succeeded in tearing the anterior 
crucial ligament by fixing the pelvis and then flexing, abducting and 
internally’- rotating the leg at the knee. He then noted that in such cases 
he always found a degree of tearing of the internal lateral ligament 
at its deep or articular aspect; it never was complete; that is to say, 
it never involved the superficial fibers and none of the other ligaments 
of the joint showed any' degree of injury'. With the short fibers of the 
internal lateral ligament ruptured, it is not only' possible but probable 
that a greater degree of abduction would be permitted than if they 
were intact.” 


As a consequence of these observations, two tests have been devised, 
which were believed to reveal injuries of the anterior crucial ligament " 
and which were believed to render the establishing of a diagnosis of 
rupture of this ligament an elementary matter. The first of these, the 
extension test, based on the experiments of Pagenstecber, Honigschmied 
and Pringle, is described by Jones and Smith 13 in the following words: 
“If, after an injury to the knee, the tibia can be displaced backwards 
or forward or rotated inward in the extended position, an injury to one 
or both crucial ligaments may be diagnosed.” This statement is in 
complete contradiction of Weber’s experiments and can be reconciled 
with clinical experience only' if it is admitted categorically that every 
injury' to either of the crucial ligaments is invariably associated with 
injury' to the collateral ligaments. This, of course, is not the case. 
There is no doubt that isolated injuries to either the collateral or the 
crucial ligaments may' occur. In the typical case, injury to the collate ra 
ligaments can readily be diagnosed by' the demonstration of abuorma 
lateral mobility' with the knee in extension. The difficulty in diagnosis 
arises when lesions of both structures are present. In some instances 
only' lateral instability', the characteristic sign of injury to the co atera 
ligament, is found, as will be seen from a study of the tuo ca.e 
reported by Pringle. In both, the erroneous diagnosis of rupture o 
the internal lateral ligament was made, but at operation an a hi 
of the medial tibial spine was found in one case and a tcaI 0 
anterior crucial ligament in the other. In neither of these casis 

10. Pringle, J. Hogarth: Ann. Surg. 46:169, 1907. 

11. Because of the relative rarity of injuries to the posterior criic'.i 
.the majority of commentators confine themselves .to discussions o mju 
anterior crucial ligament. 

12. Jones, R., and Smith, A.: Brit. J. Surg. 1:70, 1913. 
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am a rupture of the superficial filters, l.t.l h w* 
deep fibers of the lateral ligament were involved Hun uas .lu, n 
anteroposterior mobility in the second case during the anesthesia. Hit- 
good results of simple suture in these cases can be explained onh on 
the assumption that satisfactory healing <>t the lateral ligaments had 
occurred. Instead of demonstrating the presence of injury to the crucial 
ligaments, this test establishes conclusively only the additional hiss nl 
integrity of the tibial collateral ligament. The insistence oi many 
surgeons that in the absence of a positive reaction to the extension test 
surgical intervention is contraindicated appears to he well grounded in 
the sense that only the patients who give a positive reaction show a 
degree of disability due to lateral instability sufficient to justify 
operation. 

The second of the two tests, a fixation test, is characterized by the 
signe de tiroir of Rocher, or what may he purposely miscalled the 
“rocker” sign. It is elicited by fixing the foot with the knee in flexion. 
The upper end of the leg is grasped, and it will then he noted that in 
the event of a tear of the posterior crucial ligament the head of the 
tibia can he displaced abnormally forward. When the results are 
positive, this test is reliable, especially in cases in which a history of 
trauma has been obtained. Unfortunately, the sign is reputed to have 
been present in only one of about eight cases in which at operation 
ruptures of the crucial ligament have been found. All who have had 
the opportunity of operating on many knee joints have undoubtedly had 
the unpleasant experience of discovering lesions of this sort which were 
not suspected before arthrotomy because of the complete lack of symptoms 
of either anteroposterior or lateral hypermobility. In one case in which 
operation was performed recently the patient presented symptoms, such 
as locking, that were suggestive of an injury to the medial semilunar 
cartilage, but there was no evidence of preternatural mobilitv. 


REPORT OF CASES 

Case 1.— Repair of the anterior crucial and tibial collateral ligaments by the 
method of Hey Groves and Smith. 

L. S., a woman, aged 42, was admitted to the hospital on Jan. 19, 1932. There 
rvas a history of rheumatism twenty years previously, with repeated gfvinc-wav 
of one knee, associated with locking. About twelve days before admission to 
the hospual the patient tw.sted her knee; she had since complained of pain 
swelling and limitation of both flexion and extension Them 

»>° <* >»».. ~-i.fi a slightly positive W si" fi 

position the knee was stable in all directions. There was definb t i * Cn< ed 
the anterior horn „( the medial semilnnar =0^ ,* ! . "''' 

.mansion oi the knee. The roentgen «™i ” 

results. This, in conjunction with the ^ 

to a diagnosis of fracture of the semilunar cartilage fir w t Sympt0ms ' lctl 
advised. ’ age ’ for which operation was 
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On January 21 the joint was opened through a median parapatellar incision 
After evacuation of a moderate amount of fibrin-flaked fluid, it was noted that 
the anterior crucial ligament was torn from its tibial insertion and was so fraved 
that suture was impossible. A typical operation by the method of Hey Groves and 
Smith was performed. The fascial graft for the repair of the tibia] collateral 
ligament was accurately placed over the anterior portion of the internal lateral 
ligament and was drawn particularly taut by gentle forcing of the leg into adduc- 
tion. The wound was closed, and a plaster of paris bandage cast applied, with 
the knee in slight flexion. The patient pursued an uneventful postoperative course, 
and the leg was released from the cast at the end of about six weeks. She imme- 
diately complained that there was something “awfully tight” about the inner aspect 
of the knee which interfered with flexion. Physical therapy was started, and a 
knee-cage brace applied. Within a relativeh r short time the range of flexion gradu- 
ally began to increase, so that at the present time the patient is able to bend the 
knee to slightly beyond a right angle. The power of extension is complete, and 
the patient has never since noted any instability or symptoms of giving way or 
locking of the joint. 


A somewhat similar situation has been observed in cases of avulsion 
of the internal tibial spine. In uncomplicated cases, in which con- 
comitant tearing loose of the anterior crucial ligament is almost 
invariably found, the “rocker” sign is negative, and diagnosis is impos- 
sible, except by noting the development of the symptom of bone block 
or by the study of the roentgenogram. Taylor 13 reported a case in 
which a pyriform osteoma, 3 by 5 by 7 cm., was disclosed by the roent- 
genogram. At operation, “there was a small sesamoid bone attached by a 
ligamentous band to the posterior extremity of this large osteoma. This 
ligamentous band was evidently the anterior crucial ligament, which 
had been torn loose from its tibial attachment, and in it the osteoma 
developed.” This patient apparently suffered no symptoms from the 
tearing of the crucial ligament and suffered none after its removal. But 
for the limitation of extension, due to the gradual increase in the size 
of the intra-articular mass, undoubtedly derived from the avulsed tibia 
spine, the patient might never have become aware of any difficult). |C 
following case is fairly typical of this type of injury. 

Case 2. — Suture of the anterior crucial ligament. 

V. R. was seen on March 4, 1930, more than six weeks after he bad ' 
about 12 feet (3.6 meters), landing on his feet and then falling or "/* r ‘ ‘ ^ 
striking the flexed right knee. Immediately after the accident lie comp • ^ 

severe pain and inability to extend the knee or to bear his weight. • ^ (cr j or 
gram taken shortly afterward showed a “fracture of the knee joint, am a J ^ 
splint was applied for one week. At the end of this time the patient 
to walk, and aspiration of the knee, baking and massage were ,ns j' 11 ~ 
any improvement. When first seen the patient walked with a niar . e< , 
knee joint V'as moderately distended by fluid and could not be comp jL 1 J 
(extension was possible to 170 degrees; flexion, to 70 degrees)- > ^ 

hvpermobility in the anteroposterior or lateral direction, eit ier m 

13. Taylor, R. Tunstall: Ann. Surg. 37:84, 1903. 
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or in the flexed position of the leg. Roentgenograms showed "a complete irartnre 
.. , * t • mtnttnn and antertor tiu. 


UWi rt-—’ 

o£ the medial crucial spine, with slight rotation and anterior Wt 

fragment.” ... 

On March 6 arthrotomy was performed through a median parapatellar 

The intercondylar space was filled with a thick pnmms; the synovia! membrane 
was thickened and congested; the medial crucial spine and the anterior crucial 
ligament were found to be torn from the tihial insertion and adherent m the granu- 
lation tissue in the intercondylar space. The hone fragment was pried loose trom 
this mass and was then detached from the lower end of the anterior crucial liga- 
ment, which with great difficulty was sutured to the head of the tibia.. M ith the 
patient under anesthesia there was a suggestion of a positive “rocker sign, hut 
this had completely disappeared hy the time motion of the knee \vn< started, tin 
March 25 the patient was permitted to lie up and about; there was apparent g<-«! 
stability in the knee joint. In view of the early motion and the relatively insecure 
suture of the crucial ligament, no great hope for its functional restoration was 
held. On April 2 the patient was discharged from the hospital with jwrfert sta- 
bility and a normal range of painless motion. 

In these cases, as in several others, an observation was mark* which 
may be of value in throwing light on the relatively low incidence of 
positive results in the application of a test a jwshivc reaction to which 
has been considered pathognomonic of injury to the crucial ligament. 
In the first place, it was noted that in cases in which the patient gave 
negative reactions to the test before operation, a “rocker” sign might be 
obtained when the patient was under anesthesia. At first this was noted 
with a keen sense of chagrin ; it was considered to indicate carelessness 
in the examination. However, when this phenomenon was observed 
repeatedly, even after particular attention had been paid to the presence 
of the sign, it was realized that the anesthetic relaxation of the patient 
had entirely altered the condition under which the two tests were made. 
When the tone of the quadriceps and the other muscles which control 
the action of the knee had been abolished, it was possible to demonstrate 
excessive anterior mobility of the flexed knee. The prompt disappear- 
ance of this sign on the resumption of active motion and the 
reestablishment of the normal tone of the muscles led to the belief that 
the quadriceps extensor played an important role in the elicitation of 
the “rocker” sign. In case 3, to be reported, the patient had developed 
such control over his muscles that he was able voluntarily to project 
or retract the lower end of the femur on the fixed, flexed leg. 

In cases of hypotonia” due to repeated effusion in the joint or to 
dysfunction of the parathyroid mechanism it is known that such 
relaxation of the muscular and ligamentous structures may occur The 
significance of this factor in the evaluation of the rocker sign has been 
, nerl ° 0kccl th0Ugh ,ts value in the treatment of the underlying condition 

1916 4 ' FinkC,StCin ’ H ’ : Joint Hypotonia, New York M. J. 101:942 (Nov. 11) 
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seems to have been amply appreciated. Timbrell Fisher 13 stated that 
“the most important factor in the treatment is so to build up the 
quadriceps extensor that they compensate, to a certain extent, for the 
weakness and instability caused by the loss of the action of the crucial 
ligament. In at least two cases, in which complete rupture of the 
anterior crucial was found at operation by the author, attention to this 
principle has enabled the patients to continue playing strenuous foot- 
ball.” For my part, I have been led to feel that this is true only in 



Fig. 1.— Anteroposterior roentgenogram show ing a spr« { an( | a sprain 

femora! condyle at the insertion of the ^ 

fracture of the medial tibial spine at the msertioi 

1 ] a {er;tl ligament 

instances in which no associated injury ^."^ablv been negative, 
is found. In such cases, the extension test u . ^ pending «» t,R ' 

while the “rocker” test has or has not been p - ^ in which an 

degree of tone in the quadriceps muscle, bu Iw , (n p,, injury 

injury to the internal lateral ligament has been s ^ found «<• 

to the crucial ligament, the reactions to both test. 


15. Fisher. A. G. Timbrell : Interna! Derangements oi the K 

New York, The Macmillan Company. 1933. P- wi- 


nce 


joint. 


,<! 
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be positive, regardless of the power of the quadricqw. and this can in- 
explained only on the basis of the additional injury. M<.st tmpu-tn y tin- 
word of the examining physician as to the true state nt a tans, 
especially as regards the lateral ligaments, must be accepted w.tbont 
anv other affirmation. In one patient who is at present main obon ra- 
tion but who has not yet consented to operation it was possible to obtain 
roentgenographic evidence (fig. 1) of the tear.ng away ot both t be 
crucial ligament and the tibial collateral ligament. 1 be leelmg that the 
major part of the disability in such cases is due to the ii.suflinency oi 
the lateral ligament has been confirmed liv the study of the following 
cases. 



Fig. 2 (case 3). — Photograph showing abduction of the knee, with separation 
of the medial femoral and tibial condyles, due to rupture of the tibial collateral 
ligament. 


Case 3 .— Reconstruction oj the anterior crucial and internal lateral I'ujamcnls 
hy the method of Hey Groves and Smith. 

W. s., a man, aged 26, was admitted to the hospital on Nov. 18, 1929 ; his left 
knee had been run over by an automobile one year before. The only treatment 
had consisted in a two weeks’ period of hospitalization in a midwestern institution 
hmee that time he had noted marked instability in the knee, with a tendency to 
dislocation on going up or down stairs. There was no history of locking It 
was noted that “in spite of the rather serious nature of the ininrv . ■ 

still able to walk fairly comfortably and with a 

.lability is largely maintained by the action of the hamstrings and y M( . ", 

When seared, ran project the w , „d 2 fll 

tear,, and tori.ard on the tibia and can rotate the W X. 


was 
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a typical “rocker” sign with the knee flexed, and with the knee extended, external 
rota ion of the leg, hyperextension of S degrees, abnormal backward and forward 
displacement and abduction of 10 degrees were possible (fig. 2). The roentgeno- 
gram showed a “small calcific body, perhaps a detached crucial spine, in the knee 
joint. A diagnosis of rupture of both crucial ligaments and the tibial collateral 
ligament was made, and operation was advised. 


Arthrotomy, performed on November 21, disclosed absence of the anterior 
crucial ligament. The stump of the posterior crucial ligament was found in the 
depression behind the crucial spine. The tibial collateral ligament was torn, and 
the medial semilunar cartilage was detached. The semilunar cartilage was resected, 
and a typical Hey Groves-Smith reconstruction was performed, special attention 
being paid to the repair of the internal lateral ligament. It was noticed on the 
operating table that when repair of the internal ligament had been completed, prac- 
tically complete stability of the knee j’oint was restored. After closure of the 
wound, a plaster of paris bandage cast was applied, with the knee in extension. 
On Jan. 27, 1930, the cast was removed, a knee-cage brace was fitted, and active 
motion was begun. By February 24, extension of the knee to 180 degrees and 
flexion to 115 degrees were possible. By April 28 flexion had increased to 90 
degrees, and the patient could run or hop upstairs, bearing his weight normally 
on the leg on which operation had been performed. There was no evidence of 
anteroposterior mobility, but there was a slight degree of lateral mobility, which 
did not interfere with the function of the knee. Thereafter the patient was lost 
sight of. 


This case is of special interest, because of the presence of injury 
to the posterior crucial ligament. Since some authors claim that the 
posterior crucial ligament is of the greatest importance in maintaining 
the stability of the knee, it would be of great value to be able to 
determine this point in a case in which repair of this ligament had been 
purposely neglected. However, the fact that there was a slight degree 
of lateral instability inclines me to the opinion that the instability \\ as 
occasioned either by insufficient tension on the fascial graft at the tinu 
of the operation or lyy relaxation of the graft subsequent to the 
beginning of active motion. 


Case A.— Hey Groves reconstruction of the anterior crucial hgament. 

F. L., a man, aged AS, was first seen in May 1930. He was a printing 
rigger and in the course of his work had been injured by a piece o nine 11 
which fell on his right side. He was taken in an unconscious com mou ^ 
nearby-- hospital, where a diagnosis of fracture of the pelvis, pro ® ■ r ' la j ||C( i 
the ribs and an internal derangement of the right knee was mac c. ()( - 

at the hospital for about three months. On his discharge ic notcc - 
the knee. He returned to his work, but was forced to discontinue 1 clicking 
recurrent swellings, occasional giving way and a sensation as o some 
on the inner aspect of the knee. i-^cnd'd by 

He walked fairly well but with a marked limp. Hie knee uns j nt( . rt!1 ] 
fluid, and there was tenderness on pressure over the anterior tor n;) . 

semilunar cartilage, as well as over the internal lateral Iiganicn • 

_ . -1 fi 


lateral hypermobility, but with the knee in flexion there vas a 

. . - rnrtll 


definite 


IcUCUU Iiypci immunity, um. HUM l»iv. ^ t‘) r * 

sign. A tentative diagnosis of fracture of the semilunar car t age 


with ruptur.- 
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of the anterior crucial ligament was made, ami operation was recommended. 1 hi' 
was undertaken on Mav 15, through a median parapatellar inci'inn. The anterior 
crucial ligament was found torn away from its femoral attachment and rolled on 
itself. The posterior crucial ligament was frayed and attached hv only a few 
fibers. The semilunar cartilage was normal. A Hey drove' operation without 
the Smith modification, because of the absence of signs of lateral mobility, was 
carried out. The cartilage was left in situ, and the leg was encased in plaster of 
paris after closure of the wound. By June 21, on removal of the cast, the patient 
could passively flex the knee to a right angle. In this position there was no sign 
of abnormal anteroposterior mobility. A knee-cage brace was applied, and aclho 
motion was begun. The patient was discharged from the hospital on July 12, 
walking, and was thereafter given physical therapy. In September lie resumed 



Fig. 3 (case 4) .—Photograph showing the postoperative state. The patient’s 

ability to bear weight in the partly flexed position, in the act of ascending the 
stairs, is eppn fc* v 


his work. However, in October he again returned to me with a t.„ 

j” A" 1 '" h!ICl b "” “ relurn ,he “ n "™pos«rior mobility provioii.lv 

FoWro Jf" laical .h.r.py, ovith markod improvcLm , 

r tDruarj 1931, he returned to his usua work and was then w • , * - 

June, when he was again examined. At that time there wS ! f 
and there was still slight anteroposterior mobility but thenm T, T , V 

strengthened that the patient could perform his work usinf L7 “ S0 

normal manner (fig. 3), ’ USlng ” ls knee ln a perfectly 

°> «“ <mn,m „,i ,„ M „ „„„ w ccr _ 

^f- K., a man, aged 31, was seen on Oct 4 tori nu , • 

"« M * "«'s favins Gaolic foMM „^f v ," r h '* 1 ” , . 0 ‘, l »'in S 

one jear previously. He 
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jumped to catch the ball and landed on his feet, with the left leg abducted and 
externally rotated and with the thigh adducted. He was unable to extend the 
leg until some friends “pulled the leg out,” when he felt something slip into place 
Though he attempted to continue the game, the swelling and pain were so severe 
that he was forced to desist. He remained in bed for four days, after which the 
symptoms had so far receded that he thought that he was well, though he admitted 
that he had a sensation of weakness in going up or down stairs. After several 
months the patient resumed his playing of football, with exactly similar conse- 
quences. Several months after this attack he again attempted to carry on his 
professional football career, with recurrence of the symptoms. Since this last 
episode the patient had noticed that whenever he twisted suddenly “something 
seemed to slip out of place in the left knee,” which then became locked in flexion. 

Examination disclosed that the patient walked without a limp. There was no 
fluid in the knee joint, no crepitus on motion and no abnormal mobility, either 
anteroposteriorly or laterally. There was slight swelling over the postpatellar tat 
pads, with an obliteration of the parapatellar depressions. There was definite 
tenderness over the anterior horn of the medial semilunar cartilage, with accentua- 
tion of tenderness on extension of the leg. A diagnosis of fracture of the medial 
semilunar cartilage was made, and operation was advised. Arthrotomy, performed 
on Nov. 8, 1933, showed a moderate increase in synovial fluid and marked conges- 
tion, with thickening of the entire synovial membranes and of the semilunar fat 
pads. The internal semilunar cartilage was found shrunken. The crescentic free 
edge was blunted, and its posterior part was torn half through. The anterior crucial 
ligament was torn away from its femoral attachment, and the free edge was 
frayed, as if it had been crushed between the femoral and tibial condyles. With 
the patient under anesthesia a positive “rocker” sign could readily be demonstrated. 
The cartilage was resected, along with the damaged portion of the postpatellar 
fat pad. The stump of the crucial ligament was cut away from its tibial insertion, 
and the wound was closed in the usual manner. The pathologic specimen was 
reported as showing in the cartilage "a tendency to fibre out,’ in the slire.b <> 
the crucial ligament “a very marked myxoid degeneration, with proliferating car- 
tilage cells in some areas” and in the synovial tissue “villous hypertrophy an< 
round cell infiltration.” On the patient's discharge from the hospital he uas a 1 c 
to extend the knee completely and to flex it to about 90 degrees. 3 here was n > 
evidence of abnormal mobility' either in the anteroposterior or in the atcr. 
direction. 


Case 6. — Resection of the anterior crucial ligament and medial tin nisi us. 

P. G, a man, aged 42, was seen on April 3, 1934, with a history of havine 
fallen on the flexed and abducted right knee more than six wee's prew 
Immediately' after the accident, on attempting to arise, the patient notet . ^ ^ 

on the inner aspect of the knee; he was unable to straighten his eg. . oni j mh , 
short time the knee became markedly' swollen, and he was forcer to < t ^ ^ 
his work. His physician advised hot compresses and diatheruua, >ut 
no relief. Since then the patient had noted locking of the knee «it eas 
and a marked sense of insecurity in going up or down stairs. 11 ( f,„,r 

he walked with a definite limp and was unable to bring the ice 
because of the flexion at the knee joint. The knee was shg 11 J Cl ^ 
tained a slightly increased amount of fluid and gave a definite pate ar ^ ^ 
Extension was possible to 140 degrees and flexion to 90 < L ‘’ ru ^ ^ , |( 
tenderness over the anterior horn of the media! semilunar carti ngt,^ 
tion of the tenderness on extension of the leg. A slight degree «i 



.1 ULCH—lXJURHiS 


to cRin.il. uc.tMiixrs 

nml in Ihc lateral dirv< 
ratine the ktuc vi'.ild imt he 
diagnosis hi bwkit-lvindb’ 


itv could be demonstrated both in the antcr,.,v.Mer...r 

This observation could not be accurately evaluated >lw an-e u 1 . " . „ 

brought into lull extension. However, a tentative 
fracture of the semilunar cartilage, with the posMluhty m an injury to the ante..... 
crucial ligament, was made, and nrthrnlnmy was advised. Ihc j-unt tw - hem-d 
through a small vertical median parapatellar incision. A typual bin Wt-h.iu<U< 
fracture of the medial semilunar cartilage was observed. as well as a tearun: away 
of the anterior crucial ligament from its tibial attarl.mcnt. llir cartilage was 
resected. This permitted complete extension of the knee, when it was ubsmed 
that there was no lateral mobility, h was cimscijutmly believed that the lateral 
mobility previously observed was apparent and was due to the tact that the kmc 
could not be properly extended. The anterior crucial ligament was thereupon 
resected, and the knee was closed in the usual manner, without immobilwatum 
Motion was started as soon as the postoperative pain had disappeared. I here was 
no evidence of abnormal anteroposterior mobility. Walking was perinitt.d "tt th< 
tenth day, just before the patient's discharge from the hospital. \\ ithin three weeks 
of his operation the patient was aide to flex the knee beyond a right angle and to 
extend the leg completely. There was no instability. 1 he patient could use hi' 
knee normally, and after an additional period of four weeks of physical therapy 
he returned to his regular work. Subsequently marked lateral instability of the 
knee, which was not improved by exercise, support, etc., developed: a Smith repair 
of the tibial collateral ligament was advised. 

Case 7 . — Smith reconstruction nj the internal lateral linmncnt jar ruf'lnrr <>/ 
the anterior crucial and the internal lateral lioament. 

B. G., a woman, aged 26, was seen in January 1934. with a history of having 
fallen on her flexed right knee more than nine years before. After a short period 
of treatment the swelling and disability disappeared, and the patient was aide to 
resume her usual activities. She noted, however, that when she was swimming 
her knee occasionally locked and that there was a sense ot insecurity in going 
up or downstairs. In July 1933 she had jumped off a low bulkhead and had landed 
on her partly flexed knee; she had then fallen backward and twisted the knee. 
She immediately complained of severe pain and inability to hear her weight, 
because of giving way of the knee. She was treated conservatively by means of 
a cast and physical therapy, with some relief, though complete extension of the 
leg was impossible. Roentgen examination showed no evidence of fracture. There 
was marked atrophy of the left thigh. There was no fluid in the knee joint or 
crepitus on motion. Extension was possible to about 175 degrees. Flexion was 
normal. In extension there was a slight degree of abnormal adductibility. In 
flexion the tibia could be displaced forward on the femur. There was definite 
tenderness over the tibial insertion of the tibial collateral ligament, and slight 
tenderness was noted over the anterior horn of the medial meniscus, with accentua- 
tion of the pain on extension. It was felt that the patient was suffering from a 
lesion of the medial meniscus and a relaxation of the internal lateral ligament, 
with possibU- a tear 0 f the anterior crucial ]j gament Operation was suggested'. 

sever t emere , d thC h0Spka! ° n Februar - V 5 ' and arthrotomy was performed 

the it £ T' . Y he patient under anesthesia ’ was remarked that with 
posterior , \ ext ? n . s,on there was mark «' lateral, as well as antero- 

to he W Tn )0im WaS ° penC(l the ™dial meniscus was found 

media! Tc T ”7?* “ er ° S, ° n ° f the cartila S e the inferior surface of the 
lemoral condyle. The anterior crucial ligament was diligently sought for, 

I If U’QC t-O-3 /HI... it.., .1 . ’ 


but it could not he found. 


-r. ... c* “ , -'»fc 1 iH ivjl. 

It was readily seen that the posterior crucial ligament 
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was normal. The cartilage was resected. Two tunnels were then drilled in the 
coronal plane through the lower end of the femur and the upper end of the tibia. 
A long strip of fascia lata was freed subcutaneously, being left attached at its 
lower end. The upper end of the fascial graft was then passed through the femoral 
bone tunnel from without inward and was sutured to the periosteum both at its 
entrance and at its exit from the bone. It was then passed down the inner aspect 
of the knee in the plane of the anterior portion of the medial collateral ligament 
and with the leg in slight forced adduction was passed through the tibial tunnel 
from within outward, being again sutured to the periosteum at both extremities 
of the tunnel. Immediately after completion of this step of the operation it was 
observed that lateral stability had been completely restored but that anteroposterior 
mobility persisted. The wounds were closed, and a plaster of paris bandage cast 
was applied from the toes to the midthigh, with the knee in slight flexion. The 
leg was not dressed until March 28, at which time the wounds were found to 
be healed. There was moderate swelling of the knee, as was to be expected. 
Lateral motion was present in slight degree. About 20 degrees of active motion 
was possible. Under treatment with physical therapy, active and passive motion 
and the application of diathermia to the knee and sinusoidal current to the quadri- 
ceps muscle, the instability gradually disappeared, and the range of normal motion 
gradually increased, until bj r the middle of May extension to 180 degrees and 
flexion to 90 degrees were possible, without any evidence of either anteroposterior 
or lateral mobility. 


The importance of the internal lateral ligament in maintaining the 
integrity of the knee joint is well attested by the following case. 

Case 8. — Rupture of the anterior crucial and fibuiar collateral ligaments. 

Dr. M. F., a man, aged 24, was seen in July 1932. He had injured the knee one 
week previously. While he was wrestling on the beach, one of his comrades lint 
fallen on top of the extended right knee and hyperextended it to the point at 
which a forward dislocation of the tibia on the femur had occurred. W id' fn,nc 
difficulty his friends reduced the dislocation by traction and die patient was ta cn 
home. At the time of the first examination the knee was still markedb suo cn. 
The skin was ecchymotic well down in the leg, and there was a marked c usu 
into the articular space. The knee could be extended to 180 degrees anc exc 
to 90 degrees. In the flexed position there was slight anteroposterior m ' • 
and in the extended position hyperadduction of about 15 degrees was po ■ 

The internal ligament appeared to be intact. The roentgenogram showed a s w < ^ 
suggestive of a sprain fracture of the medial tibia! condyle. There was 11 j 
ference with the circulation of the leg or evidence of injury to the postcri 


or peroneal nerves. . j ()|) 

It was considered that the patient had suffered a rupture of the postcri J 

of the capsule, with a tear of the anterior crucial and fibuiar co atern K ^ 

But in view of the fact that the internal lateral ligament was app. - 

a bract '■* 

involved, it was felt that immobilization was unnecessary. ‘ ■ j ,),<• 

fitted, the outer border of the sole and heel of the shoe was 1 jy^jiVrmia u a - 
patient was encouraged to make gentle, active use of the knee. ^ ^ 

begun as soon as the patient was able. After about six mont is, a. n ,,,j 

plete stability of the knee had returned, the knee-cage brace was ' ' u ; t J:, ,;it 

at the present time (1934) the patient is able to engage norma } ,n ^ ^ ,.f 

any trace of inconvenience. There is no weakness, and there is^u ^ t . Kt(! :,!-d 
anteroposterior or lateral hypermobility in either the flc.w 
position. 
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Though the opinions expressed here were arrived at independently, 
it must be admitted that they were held with great temerity until 
reference to the literature discovered that other surgeons had given 
utterance to the same beliefs at an earlier date and with much move 
assurance. Le Riche, 10 who resected the anterior crucial ligament with 
perfect functional result, is reported to have observed that "excision 
of the anterior crucial ligament is compatible with functional restoration 
of the joint and is always satisfactory.” Tixier and de Rougemont. K 
in discussing the question of diagnosis, stated : One must say the 
diagnosis of a lesion of the crucial ligaments is often impossible, but 
of secondary importance, while it is vital to determine especially a lesion 
of the lateral ligament.” In considering the matter of therapy they 
said: “We consider that the repair of the crucial does not constitute the 
indispensable element of success. . . . There is one essential step; 

the repair of the lateral.” Tavernier, v ' who was of the same opinion, 
wrote: “I am constrained to suppose that the laxity presupposes rupture 
of ligaments other than the anterior crucial — possibly especially certain 
of the deep fibres of the internal lateral ligament.” In 1932 he 18 
reported a case in which both crucial ligaments and the internal lateral 
ligament were torn and in which repair of the latter ligament alone 
led to the restoration of a thoroughly stable, normally functioning knee- 
joint. 

As a conclusion from these and the previously noted considerations, 
I have come to believe that, contrary to the general opinion, the anterior 
crucial ligament is not a vitally necessary structure and that its loss is 
thoroughly compatible with relatively normal function of the knee, that 
the diagnosis of rupture of this ligament alone is not as simple as it has 
been stated to be, that the tests which are reputed to reveal ruptures 
of the crucial ligament are in all probability indicative of injuries to 
both the crucial and the internal lateral ligament, that the disabilitv is 
due primarily to the loss of integrity of the internal lateral ligament and 
that in consequence surgical efforts should be directed primarily toward 
the repair of the internal lateral ligament by means of the Alwyn Smith 
operation rather than to the repair of the crucial ligament by means of 
the Hey Groves procedure. 

2178 Broadway. 

16. Le Riche, R. : Lyon chir. 16:461, 1916; J. de chit. 34:1 1929 

8 t ^ ’ T l de T R ° Ug T 0nt ’ Re v. de chir., Paris S1:S89 (Oct ) 19 3? 

18. Tavernier, L. : Lyon chir. 16:353, 1919. 1V3_. 

19. Tavernier, L. : Lyon chir. 2,9:610, 1932. 



LYMPHOGRANULOMA INGUINALE 

ITS RELATION TO STRICTURE OF THE RECTUM 


WARREN RAINEY, M.D. 

AND 

WARREN H. COLE, M.D. 

ST. LOUIS 

Although lymphogranuloma inguinale has been recognized by the 
medical profession in some form or other under various names for 
several decades and the pathogenesis as well as other features were 
carefully described by Durand, Nicolas and Favre 1 in 1913, it has been 
only during the past year or two that the American literature has con- 
tained any significant references to it. DeWolf and Van Cleve- were 
probably the first American authors to report observations on the 
disease. When one considers the number of cases described in various 
reports, lymphogranuloma is apparently rather common. During the 
year that we have devoted attention to the disease in the clinic of Wash- 
ington University we have encountered twenty-three cases. Innumer- 
able synonymous terms, such as tropical bubo, climatic bubo and venereal 
lymphadenitis, have been used to identify the disease. If any of them 
is superior to lymphogranuloma inguinale, the term venereal lympho- 
granuloma appears to be most applicable. Ives and Katz, 3 who reported 
the first case identified in St. Louis, called attention to the vast number 
of terms which have been attached to the disease. 

pathogenesis 

The etiologic factor in the production of the disease is pmbabh a 
virus which gains entrance through a tiny or unnoticed prim.in lesion 
on the genitals and is no doubt dependent on sexual contact for tr.ms 
mission. The incubation time as given by numerous observers is from 
ten days to three weeks, although in one of our cases it was definite \ 

From the Department of Surgery, Washington University School 
cine, the Washington University Clinics and Barnes Hospital. 

1. Durand, M. ; Nicolas. J., and Favre, M.: Lymphogranuloma ^ ^ ^ 

subaigu d’origine genitalc probable, peutetre venerienne. Bull, ct ok/d. 

d. hop. de Paris 35:274, 1913. • i 1 

2. DeWolf, H. F„ and Van Clcvc, J. V.: Lymphogranuloma Imniw.x. 

M. A. 99:1065 (Sept. 24) 1932. . , ,, 

3. Ives, George, and Katz, S. D.: Lymphogranuloma Inguin-ih, 
of a Case, Weekly Bull. St. Louis M. Soc. 27:197, 1932. 
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proved to be five weeks. The primary lesion is so small that it is seldom 
noticed bv the patient. When visible it is a tiny ulcer or fissure. 1 how- 
ever in one of our female patients as many as eight or ten tun super- 
ficial ulcers were visible on all sides of the vagina near the outlet at 
the time of her initial visit, which was three weeks alter the onset <»l 
swelling of the inguinal lymph nodes. The disease, in tins country at 
least, is more common in the Negro race. In mtr series of twenty-three 
cases, 87 per cent of the patients were Negroes. An observation which 
has been universally noted is the tendency toward the production of 
inguinal adenitis in men and the production of rectal ulceration or stric- 
tures in women. Weiss,' of Strasbourg, is conducting an extensive 
study and survey of the disease, devoting particular attention to the 
relation of the disease to benign stricture of the rectum. Symptoms 
indicative of stricture may not he noted by the patient for six or eight 
years following the initial symptoms. 1 he rectal lesion is more apt to 
be followed hv stricture in Negro women than in men or in white 
women. The explanation of the tendency toward involvement of the 
lymph nodes in men and of the rectum in women lias been discussed 
in detail by Barthels and Biherstein,' Jersild r ‘ and Semha : and has been 
reviewed recently by Bloom.- In men most of the lymphatics from the 
penis, where the primary lesion is most apt to occur, drain anteriorly 
into the lymph nodes of the groins. On the contrary, most of the lym- 
phatics of the vagina, especially of the proximal and posterior portion 
of the vagina, drain posteriorly into the lymph nodes along the rectum. 
Because it is so difficult to demonstrate a prominent enlargement or 
involvement of these nodes, there is still some difficulty in explaining 
the pathogenesis of the rectal lesions. It is possible that as the lymph 
nodes along the rectum become involved the stasis of the lymphatic 
system in the rectal wall distal to the nodes produces edema which 
encourages invasion by the virus and possible secondary invasion by 
organisms. The tendency toward the production of excessive scar for- 
mation following injury or infection in the Negro may explain the 

t. \\ eiss, A. G. : Personal communication to the authors. 

a. Barthels, C, and Biherstein, H.: Elephantiasis penis et scroti und Lympho- 
granulomatosis inguinalis, Beitr. z. klin. Chir. 152:325, 1931. 

d. jersild, O. : Notice historique sur l’infiltration hyperplasique du rectum 
avec retrecissement fibreux et sur 1’origine pre-tendue syphilitique de cctte affection 

EW - h * 

o Semha, Y : Anatomische Untersuchungen iiber die Lvmphgefassvstemc 

Sr “■o^'sSr'm R "" Due » «■*—* 
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greater incidence of stricture in Negro women as compared with white 
women. It is thought by some that contamination of the rectum from 
the infected discharge of the vagina may account for the involvement 
of the rectum. It would, however, be difficult to explain involvement of 
the rectum in man, which is occasionally noted, unless homosexuality 
is a factor. Sexual perversion and homosexuality have been empha- 
sized by some (Coults and his associates °) as an important factor in the 
production of the disease in the rectum. 

Various experiments have been resorted to in an effort to reproduce 
the disease, and it is significant that experimental transmission is per- 
haps more readily accomplished than in an}’ other disease known. The 
reports of these experiments have recently been reviewed in the thorough 
and valuable report by H. N. Cole 10 and will not be discussed here. 
The disease has been successfully transmitted to white mice, guinea- 
pigs, rabbits, monkeys and man. Levaditi and his associates 11 have 
done or confirmed a great portion of the work on the transmission of 
the virus. 

Attention should be called to the fact that absolute proof of the 
causation of benign stricture is still lacking, although all observers who 
have devoted any attention to this phase of the disease are convinced 
that the greater portion (perhaps 90 per cent or more) of benign stric- 
tures of the rectum are due to lymphogranuloma inguinale. I lie posi- 
tive Frei test obtained in association with these strictures is probablt 
the most reliable evidence that rectal stricture is a part of the disease. 
However, we have observed at least one patient (no. 8, table 3) in whom 
a stricture of the rectum developed when only edema and ulceration 
were observed on the first examination. In this instance recta! s\ni|> 
toms, including chiefly tenesmus and the occurrence of blood and pus 
in the stool, were first noted by the patient in 1927. In 1931, \\ icn 
first seen by us, she had ulceration and edema of the lectum uiMout 
narrowing of the lumen. One year later it was noted that a stricture 
was forming, and in 1934 the scar tissue was densely deposited on 
sides of the rectum so that it barely admitted the tip of the index hut, 

The fact that the Frei test is positive in these cases of recta! stndi 
added to the observation just noted convinces us that lecta! strictur- 

9. Coults, W. E.; Herrera, J. M„ and Perroni, F. L.: Lyniphogratmlnm.Ho^ 
Venerea, Am. J. Surg. 21:96, 1933. _ ^ 

10. Cole, H. N. : Lymphogranuloma Inguinale, the Fourth Vcncrcn 

J. A. M. A. 101:1069 (Sept. 30) 1933. v( , rim , . 

11. Levaditi, C. : Ravaut, P„ and Schoen, R.: Proprietes \inilici<^ ^ j ;,,; 
des sujets attaints de lympliogranulomatosc inguinale, Cmnpt. rtn< ■ 

109:1267 , 1932. 
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a part of the disease. In our hands .he Frei tesl •* has been .nmrhahly 
specific. Every patient in our series who exhibited a positive nu 
reaction was afflicted with one of the three major manifestations, namely, 
inguinal adenitis, ulcerative proctitis or rectal stricture. 

The antigen is made by aspirating pus under sterile precautions 
from the groin of a person known to have the disease and diluting the 
pus with sterile physiologic solution of sodium chloride in a proportion 
of 1 to 4 or 1 to 2 depending on the thickness of the pus. It is 
sterilized by heating in a water bath at 60 C. for two hours one day 
and heating at 60 C. for an hour a day or two later. Obviously if 
culture of the antigen reveals bacterial growth false positive reactions 
will be obtained. The dose is 0.1 cc. intradermally. 1 he typical reac- 
tion is an induration at the site of the injection which is at its maximum 
in forty-eight hours and may measure from 1 to 2 cm. in diameter. 
This area may be tender and is usually surrounded by an areola of 
redness. The test should be positive after the disease has been 
present for ten days or more, and in our experience the test remains 
positive as long as twelve to fifteen years after the onset of the disease. 
Usually, however, patients with an acute form give a stronger reaction. 
If when the disease is strongly suspected a negative or doubtful reac- 
tion is obtained, the test should be repeated. The incidence of a 
positive Wassermann or Kahn reaction in patients with rectal stricture, 
as noted in table 1 (28.5 per cent), seems entirely too small to admit 
the possibility of syphilis as being an important factor in the cause 
of stricture of the rectum. This incidence is no greater than the 
incidence noted in any other group of patients of the same social 
status. Of the fifteen patients with rectal stricture observed in our 
clinic during the past year, all except one gave a positive reaction to 
the Frei test. The patient with the negative reaction had a condition 
which had been diagnosed as one of the rare instances of rectal 
stricture occurring with idiopathic colitis. The extent of involvement 
of the colon in this case offered a contrast to the confinement of the 
disease to the terminal portion in lymphogranuloma inguinale. We 
conducted Frei tests on numerous patients with variable diagnoses, 
including syphilis, tuberculosis of the inguinal and cervical lvmph 
nodes, granuloma inguinale and fistula in ano, but in every instance 
the reaction was negative. The fact that every one of these tests was 
negative is perhaps accidental, because in another series one mieht 
expect to encounter patients (especially men) who had had lympho 
granuloma inguinale but recovered without residual symptoms. 

12. Frei, W.: Eine tieue Hautreaktion bei Lvrnnlir,^n,,,,u.„ • . , 

Wchnschr. 42:2148, 1925. ' P g anuloma inguinale, Klin. 
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Attention should be called to the fact that numerous observers have 
reported false positive Wassermann or Kahn reactions in cases of 
lymphogranuloma inguinale. We have one patient under observation 
a woman (patient 19, table 3) with definite evidence of acute lympho- 
granuloma inguinale whose reaction to the Kahn test was positive and 
remained so after thorough antisyphilitic treatment. The fact that she 
is young (26 years) seems to minimize the possibility that she has 
“Kahn-fast syphilis.” 


CLINICAL MANIFESTATIONS 

In men the development of inguinal adenitis occurs in practically 
every instance. The swelling is usually bilateral and begins insidiously 
(the primary lesion is rarely observed by the patient) from ten days to 



Fig. 1.— A Negro man with involvement of { ' ie f '"^'or dlreTwecks’ duration) 
side. The sinus present on the right was rece " t ( ] h no dc to (lie exterior, 

and resulted from the rupture of a small abscess of a l>mp» 

five weeks following exposure. Tenderness and pmn are ]K , conl( . 

at first but may he present several weeks a e occurs, In" 

involved. Formation of an abscess with flue : ‘ ^ v J ahIc . Once 

the amount of time required for its dev P (hrotI ^ 1] the shin 

fluctuation develops the abscess mvanai) . . In onc of otir 

unless the pus is evacuated by incision or asp « ^ rcSl)It( . ( , in a 

cases aspiration of an abscess of an inguinal 1 occasi()I1 s the 

cure as far as the local lesion was concerns. ^ ^ kix 

suppuration of the nodes may subside and • ^ , 1((W cver. the 

to eight weeks after the onset of swel mg. * • ‘ n) . inv month'. 
sinuses and enlargement of the lymph notes (han J1( . r cut 

Ulcerative proctitis, which occurs in pro >a i , 
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Of the women tat in not more than 25 per cent of the men mny nho 
£ insidious in its development, al.ho„ R h the presence hlo„l. p 
and mucus in the stool is almost always detected by "lining tl 
patient shortly after the onset. Tenesmus and charrhea ,nay he present, 
although constipation may he very annoying when the formation ot the 
stricture begins. Obviously, after the stricture becomes pronounced a 
loose watery stool is the only kind that the patient can pass. Multiple 
fistulas are not uncommon. Various types of condyloinatons and granu- 
lomatous masses are observed about the anus. Sinus tracts and scarring 
about the vulva and anus are likewise commonly reported, hut they 
were not seen frequently in our series. 

As previously stated, when inguinal adenitis is the only manifestation 
of the disease there is rarely any permanent damage. Figures are not 
available as to the incidence of stricture following ulcerative proctitis, 
but the incidence is probably extremely high in Negro women it the 
disease is untreated, but low in men. On a few occasions ulcerative 
proctitis has been known to develop years after involvement of the 
inguinal lymph nodes, although it is probable that the disease had 
existed in the rectum in a very mild form since the initial symptoms. 
Likewise, ulcerative proctitis may exist for years before a stricture 
develops. In one patient under our observation the ulceration in the 
rectum was known to exist for five years before a stricture formed. 

We wish to emphasize the occurrence and severity of the systemic 
reaction which is seen only occasionally in men hut in the greater 
majority of Negro women. In such instances the disease is devastating, 
causing invalidism for years and acting occasionally as a secondary 
cause of death. In our series scarcely half the Negro women sustained 
a systemic reaction according to our records, hut we are inclined to 
believe that the majority of them do have a systemic reaction since the 
patients who gave no history of such a reaction were patients who had 
had the disease for many years, but, being of an unobserving class, 
had no doubt forgotten or misinterpreted the symptoms. In many cases 
in Negro women the first symptom complained of is diffuse abdominal 
cramps. A temperature as high as 39 C. (102.2 F.) is not uncommon. 
Anorexia is prominent and persistent and is accompanied by a sharp loss 
of weight. Nausea and vomiting are uncommon but may occur 
Extreme malaise and weakness may be present. Diffuse pains in the 
joints with occasional swelling and apparent deformity mav be encoun 

Xf aTv Tth' ,he 'T " ,hich m * e a l,oi,eless invaM ° f ■>« 

pat ent. Any of these symptoms may remain for years unless relieve, 1 
by treatment with antimony and potassium tartrate. 

The appearance of the lesion in the rectum is*fairl» - 

In the early stages, when ulcerative proctitisTp eXwht ? 

'"g o, the lumen, the mucosa Is edematous, 
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and there with tiny ulcers which appear superficial. This proctitis is 
limited almost invariably to an area from 1 to 6 inches (2.5 to 15 cm.) 
above the anal margin. Above this area the mucosa is normal. A 
moderate amount of blood and pus may be seen in the lumen, and their 
presence in the stool may be one of the first symptoms noted bv the 
patient. 

The formation of a stricture, which in our experience occurs in a 
far gi eater percentage of cases in the Negro than in the white race, 
occurs at the site of the proctitis justed noted. Digital examination of 
the rectum in over two hundred Negro women with benign stricture 
of the rectum, during the last fifteen years, disclosed that in nearly every 
case the upper limits of the growth can be reached with the examining 
finger if the lumen of the stricture permits the finger to pass. The 
mucosa in the upper portion of the rectum and sigmoid flexure is 
invariably normal. The mucosa just above the point of the stricture 
may show varying degrees of thickening and infiltration which increases 
or diminishes according to the constriction of the stricture. The sense 
of firmness and smooth nodular infiltration is so characteristic in a 
Negro that carcinoma scarcely need be considered in the differential 
diagnosis. 

In a vast majority of patients the site of the stricture is within 
5 cm. of the mucocutaneous line. The involvement does not extend 
into the anus proper, but a secondary infiltration of the surrounding 
skin tabs is present. This is presumably due to secondary stasis and 
chronic inflammation resulting from the persistent discharge from the 
rectum. We have seen rather large and painful masses about the anal 
margin disappear under treatment with antimony and potassium tar- 
trate. The mucosa of the rectum external to the stricture is invariably 
infiltrated and ulcerated. 

Single or multiple fistulas may develop in an early stage of the dis- 
ease. The internal opening is above the stricture and when the con- 
striction becomes complete conducts the fecal current out through the 
single or many discharging sinuses located about the rectum. 


DIFFERENTIAL DIAGNOSIS 

The disease, if stricture of the rectum is admitted to he part of the 
picture, is characteristic and should not be confused with au\ other 
disease except perhaps chancroidal bubo and tuberculosis of the inguinal 
lymph nodes. Culture of the pus obtained from the grain reveal* no 
growth. It appears, however, that tuberculosis of the inguinal lymph 
nodes is rare, and many cases of lymphogranuloma inguinale haw 
erroneously been diagnosed as such in the past. Injection of tubercu- 
lous pus into a guinea-pig will, of course, produce tubercuJou- h -ion'. 
Microscopically the lymph nodes resemble tuberculosis in that there f- 
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evidence of chronic inflaniniat^ tiny 

if a lymph node is excised ■ cxa minatinn with the ordinary 

yellowish abscesses which on rc ^ cnl \ 1 \ i " n jr caseation which is sm- 

stains is seen as a nccro This area ot necrosis 

rounded by a palisade oi epitbeboid c J^S- -) | 

may be round but frequently « s ar- b aped ’ > „ wl ,l,e 

degree this palisading of =P«b Lmbumdly sees tbe 
SEXalntTatuliercle arrange ibentselves in this fashion. 






y'xz&y «- v* t*. * 


r- irT-^arr.xi^- 


p; g . 2.— A low power photomicrograph of a tiny abscess of a suppurating 
lymph node from the patient shown in figure 1. Note the caseous center with 
the palisade of epithelioid cells at the periphery. These abscesses may be star- 
shaped instead of round and are characteristic of the disease, provided the lymph 
node is removed before the suppurative process has healed. 


but never have we seen such a typical arrangement as is found in 
lymphogranuloma inguinale. Unfortunately the node must he in the 
proper stage of suppuration or the lesion will be indistinguishable from 
tuberculosis. In this case the Frei test should, however, clarify the 
diagnosis. Except on rare occasions a chancroidal bubo is accom- 
panied or immediately preceded by an extensive ulceration about the 
genitals, which is never present in lymphogranuloma as a primary 
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lesion. The disease should not be confused with granuloma inguinale, 
which does not affect the lymph nodes but manifests itself as a granu- 
lomatous ulceration of the genital region which on certain occasions may 
be present in the groin. Antimony and potassium tartrate is a specific 
in the treatment of granuloma inguinale but is only moderately beneficial 
as a therapeutic agent in the treatment of lymphogranuloma inguinale. 
Lymphogranuloma should not be confused with syphilis, since the lymph 
nodes in the latter disease have no evident inflammation about them and 
never suppurate unless complicated by a secondary disease. Moreover, 
in our experience, inguinal adenitis secondary to a syphilitic ulcer about 
the anus or perineum usually is unilateral and should, of course, respond 
to treatment with arsphenamine. We wish to repeat that with a satis- 
factory antigen the Frei test is extremely reliable and in our hands has 
been very helpful. Obviously, if the antigen is obtained from a patient 
who previously had chancroidal disease, a false positive reaction might 
be obtained. Moreover, in a patient who has had lymphogranuloma 
) r ears previously, a positive reaction will develop when the active lesion 
is in reality caused by an entirely different disease. Such pitfalls must 
be kept in mind, because in a large series such sources of error will be 
encountered. 


TREATMENT 

When the disease is confined to inguinal adenitis the treatment need 
not vary much from the treatment of any subacute or chronic inflamma- 
tion. When pus accumulates it may be evacuated by incision or 
aspiration. In one of our cases aspiration resulted in a local cure. If 
sinus formation and enlarged glands in the groin persist for weeks 
and months the inguinal lymph chain may be excised with a resulting 
cure of the local process, which may shorten the period during which 
dressings are needed. 

Antimony and potassium tartrate, from 5 to 7 cc. of a 1 per cent 
solution twice a week for from twelve to fifteen doses, as recommended 
by many, has been mildly successful in our hands. Two of the patients 
to whom we gave this were relieved of severe abdominal pain and 
cramps, which were a part of their systemic reaction to the disease. 
A large granulomatous and papillomatous mass about the anus of 
another patient decreased sharply with this treatment. As would be 
expected the antimony and potassium tartrate did not exert any influence 
on the rectal stricture. We wish to issue a warning, however, relative 
to the toxicity of the drug. On several occasions the injection of 
5 cc. of a 1 per cent solution produced tachycardia, weak pulse, nausea 
and vomiting which definitely were not of psychic origin. In another 
instance after one of the patients had had ten doses of 5 cc. of a 1 per 
cent solution at semiweekly intervals she awoke one morning with 
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severe weakness of practically all the muscles in one lower extremity 
When seen several days later the weakness was still present hut not 
so prominent. The patient later regained her normal muscle power. 


analysis of casus 

Reference to tables 1. 2 and 3 will obviate the necessity of a detailed 
discussion of our cases. As can be seen in table 1. only 2S.a per cent 
of the patients with stricture of the rectum and 33.3 per cent of the 
patients without stricture of the rectum had a positive \\ nsscrmnnn or 

Table 1. Relation of L.vm/>lioaromiloiiio Inauinale to Syphilis on tlu - Units of 

Positive or Relative fl'niSi'niiami or /Colin Tests 


Wn‘*«Tinnnti nr Knlm 'IV. t 

Number ' Vnvilivr NrgMlVr 

I'ntlcnt* Number IVrUaii Number lVr <Vnt 

With stricture W I 10 

Without stricture (inguinal adenitis, proctitis) h " ; U." o is, r, 

* These patients were Negro women. 


Table 2. — Clinical Manifestations of Lymphoi/rannlowa huiuinalr in Tuvnty- 

Threc Patients 


White 

Negro 

Adenitis 

Ulcerative proctitis., 

Stricture 

Anal lesions 

Rectal fistulas 

Systemic reaction.. 


Men 

1 

4 

1 

0 

1 

0 

0 


Wimun 


IT 


' Cl Mlpp.) 

r> 

14 


,* Systemic reaction was evidenced by mala!=e, anemia, loss o[ weight, vertigo, abdominal 
pain, nuupoa, fever, vomiting and arthritis. h n 


Kahn reaction. Anti syphilitic treatment was given to a number of the 
patients with rectal stricture (some of whom had a positive Kalin 
reaction), and in no instance did we observe any favorable results from 
the therapy. In the group of patients with a positive Kahn reaction 
are included one or two patients whose reaction was negative when they 
were seen by us but who had a definite history of syphilis followed by 
a course of treatment. This percentage of 28 and 33 is no greater than 
that which might be expected in any group of patients of the same 
soaal status. The frequency of occurrence of the various symptoms 
nd signs are given m table 2 and are discussed in the section on 
clinical manifestations. on 
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SUMMARY 

During the past year we have observed twenty-three cases in which 
we were convinced that the condition could correctly be classified as 
lymphogranuloma inguinale. The Frei test was positive in the entire 
group in which there appeared all three of the major manifestations of 
the disease, namely, inguinal adenitis, ulcerative proctitis and rectal 
stricture. On one occasion, however, the reaction to the Frei test was 
doubtfully positive, but a repetition of the test revealed a strongly posi- 
tive reaction. The test was made on numerous patients with other dis- 
eases, such as syphilis, tuberculosis of the inguinal lymph nodes, stricture 
of the rectum accompanying obviously idiopathic ulcerative colitis 
(one case) and other diseases, but was negative in all instances. The 
disease is mild in men, consisting chiefly of suppurative inguinal adenitis 
which leaves no residual disease or disability after it heals. The most 
serious manifestations are encountered in Negro women, in which group 
systemic reactions are most common and rectal strictures occur. We are 
of the opinion that the greater portion of the benign rectal strictures so 
commonly observed in Negro women are due to lymphogranuloma. W e 
observed one patient who had ulcerative proctitis of the type included in 
our group of cases in whom there developed a stricture of the rectum 
which was the same type as the strictures reported in this series. The 
fact that the Frei test was positive in these cases lent support to the 
probability that lymphogranuloma was the etiologic factor. The inci- 
dence of a positive Kahn test of 28.5 per cent in our series of patients 
with stricture of the rectum appears too small to suggest the possibility 
of syphilis being the cause. Antimony and potassium tartrate, although 
not a specific, causes improvement in the acute cases but does not 
appear to influence favorably the rectal strictures. 

Note. — S ince this article was prepared for publication eighteen addi- 
tional cases have been observed. The incidence of a positive Wasser- 
mann or Kahn reaction in the combined series of patients with stricture 
of the rectum is not changed appreciably. 
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Nonhealing peptic ulcers simulating those occurring in matt were 
rarely obtained by any experimental method until Mann 1 in 1923 dem- 
onstrated that they could be produced at will in dogs subjected to 
“duodenal drainage.” Later Morton,* McCann/ 1 Dragstedt d Matthews 
and Dragstedt, 3 * 5 6 and Weiss and Gurriaran 0 produced similar ulcers in 
100 per cent of dogs operated on in the same manner. 1 he peptic ulcers 
so obtained occurred in the total absence of alkaline pancreatic juice, 
bile and duodenal secretions, which had been deviated into the lower 
intestinal tract. While the aforementioned authors conceded that the 
action of unneutralized acid is an important factor in the production 
of ulcers, McCann believed that his experiments showed that trauma 
was an equally, if not more important, factor in the causation of tile 
ulcers obtained by him. The present investigation was undertaken in 
an attempt to determine the relative effects of umieutralizcd acid gastric 
chyme and trauma in the production of experimental peptic nicer in dogs. 

Early investigators studied the effect of acid on gastric mucous mem- 
brane of dogs by administering relatively large doses of dilute hydro- 


This study was aided by a grant from the Schwartz Research Fund. 

From the Department of Surgery, School of Medicine, Tulatic University of 
Louisiana. 

The article is an abridgement of a thesis submitted to the Faculty of the 
Graduate School in partial fulfilment for the degree of Doctor of Philosophy. 

1. Mann, F. C.: Experimental Production of Peptic Ulcer. Ann Sure 77- 

409, 1922. k 

2. Morton, C. B.: Observations on Peptic Ulcer, Ann. Sure. 85-?07 and 
879, 1927; 87:401, 1928. 

3. McCann, J. C.: Control of Acidity, Am. J. Physiol. 89:483, 19">9 • Fxncri 
mental Peptic Ulcer, Arch. Surg. 19:600 (Oct.) 1929. 

XXXVm ag r e<i !’- L T R ' : - C ° ntri ' ,utions to the Physiology of the Stomach- 
SuV) 1917 JU ’ CC m 1 GaStHc U!cm ’ A ’ A- 68:330 

3. Matthews, W. B., and Dragstedt I p • tl. -r*,» t . 

Duodenal Ulcer, Surg., Gynec. & Obst. 55:265," 1932. ° 8y ° Gastnc and 

6. Weiss, A. G., and Gurriaran, G. : Ulceres rhrrm, , ... 

experimental^ crees par la derivation des sues alcalins duodena, fx' Bullet ™ 
Soc. nat. de chir. 36:6, 1930. aux > Bul1 - e t mem. 
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chloiic acid. El osioiis and hemorrhagic spots were inconsistent!}’ 
obtained in inverse proportion to the amount of food allowed during 
the experimental period. This method has recently been revived and 
has again proved unsatisfactory. However, if gastric acidity is altered 
by unphysiologic operative methods, chronic ulcers not infrequently 
occur. 

Friedman 1 found that ulcers in the pyloi’ic region produced by 
submucous injection of silver nitrate became chronic when associated 
with hyperacidity resulting from pyloric stenosis. 0’Sbaughnessy, s 
after transplanting patches of jejunal mucosa into the wall of the 
stomach, performed a gastro-enterostomy “en Y” with occlusion of the 
pylorus. Following this procedure ulcers occurred in the transplants. 
Dott and Lim 9 reported that in most instances marginal ulcers formed 
after the establishment of an experimental gastro-enterostomy whenever 
the pylorus was occluded. This finding was in agreement with the 
clinical experience of von Haberer, 10 who observed that jejunal ulcers 
developed in 12 of 71 patients in whom he performed combined gastro- 
enterostomy and pyloric occlusion, whereas ulcers developed in only 3 
of 275 patients without occlusion. That pyloric occlusion favors a high 
gastric acidity has been shown experimentally. Friedman and Ham- 
burger 11 found an increase in gastric acidity after narrowing the pylorus 
with a purse-string suture; defects which they produced in the gastric 
mucosa failed to heal and frequently developed into peptic ulcers. 
Bolton 12 also showed that experimentally produced ulcers healed more 
slowly if the pylorus was constricted by rubber bands. Similar delay 
in healing was reported by Ivy. 13 That experimentally produced gastric 
ulcers healed more rapidly when the pylorus was splinted was shown 

7. Friedman, G. A. : The Influence of Removal of the Adrenals and One- 
Sided Thyroidectomy upon the Gastric and Duodenal Mucosa : The Experimental 
Production of Lesions, Erosions, and Acute Ulcer, J, M. Research 32:287, 1913. 

8. O’Shaughnessy, L. : Etiology’ of Peptic Ulcer, Lancet 1:177, 1931. 

9. Dott, D. M., and Lim, R. K. S.: Experimental jejunal Ulcer, Quart. J. 
Exper. Physiol., supp. 11, 1923, p. 109. 

10. von Haberer, H.: Gastric, Duodenal and Peptic Ulcer, Deutsche Ztschr. 
f. Chir. 172:1, 1922. 

11. Friedman, J. C., and Hamburger, W. W.: Experimental Chronic Gastric 
Ulcer, J. A. M. A. 63:380 (Aug. 1) 1914. 

12. Bolton, Charles: Ulcer of the Stomach, London, Edward Arnold & Co., 
1913; Further Observation on the Pathology of Gastric Ulcer, Proc. Roj. oc., 
London, s. B 82:233, 1910. 

13. Ivy, A. C.: Studies on the Experimental Gastric and Duodenal LJccr, 

Am. J. Physiol. 49:143, 1919-1920 ; Contributions to the Physiology of the 
Stomach: LII. Studies on Gastric Ulcer. Arch. Int. Med. 25:6 (Jan ) - ■ 

Studies on Gastric and Duodenal Ulcer, J. A. M. A. 75:1540 (Dec. 

Secretion Pars Pylorica, Am. J. Physiol. 57:51, 2921. 
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by Hughson ; 14 and Elman and Rowlette ,s clc.nn.ist rated that division 
of the pyloric sphincter permitted rapid neutralization of gastric acid. 

Bickel, 1G in 1909, obtained a perforating jejunal ulcer by dosing the 
pylorus, performing a gastro-enterostomv and creating external biliary 
and pancreatic fistulas. He promptly recognized that the. presence of 
bile and pancreatic juice in the upper part of the jejunum might be 
one of the important factors in preventing the formation of jejunal 
ulcers after gastro-cntcrostomy. In 1914 Hangenskibld '• performed the 
same operation which Mann later termed the "duodenal drainage opera- 
tion.” He severed the duodenum a short distance from the stomach 
and closed the distal end. sectioned the jejunum several centimeters 
below the junction of the duodenum with the jejunum, and joined the 
aboral end to the stump of the duodenum. The oral end of the jejunum 
he anastomosed to a loop of jejunum further caudad. thus shunting 
the duodenal, pancreatic and biliary secretions into the midportion of 
the small intestine. A month later an ulcer was found in the short 
segment of duodenum joining the stomach and jejunum. Prior to this, 
in 1898, Chlumsky 18 reported similar experiments in which he deviated 
all the duodenal secretions into the fundus of a gastro-enterostomized 
stomach, as was later done by McCann. Kcppich, ,!> in 1921, repeated 
Chlumsky’s experiment, and in 2 dogs in which 6 cm. of the pars 
pylorica was left in connection with duodenum jejunal ulcers formed 
near the anastomosis. In 2 other animals the operation was modified 
to the extent that much of the distal end of the stomach was resected. 
In neither of these dogs did an ulcer occur. In 2 other animals he 
combined Chlumsky’s and Langcnskiold’s operations so as to deviate 
the duodenal juices into the fundus of a stomach which emptied through 
the pylorus into a short segment of duodenum and then into the jeju- 
num , an ulcer did not form. From this work Kcppich concluded that 
a mixture of pyloric and duodenal secretions is more likely to permit 


14. Hughson, W.: Relation of Pylorus to Duration of Experimental Gastric 
Ulcer, Arch. Surg. 15:66 (July) 1927. 
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the formation of a jejunal ulcer than the duodenal secretions alone. 
Koennecke, 20 in 1922, tested this theory by isolating the pars pylorica 
and the first portion of the duodenum (apparently above the openings 
of the pancreatic and biliary ducts), closing both ends and draining 
this segment into a loop of ileum. The main portion of the stomach 
was then drained into the second portion of the duodenum as in the 
Billroth operation I; ulcers did not form. When, in addition to this 
operation, he cut the splanchnic nerves on both sides, chronic duodenal 
ulcers developed in all 4 animals. 

In 1910, Moutier 21 made a total gastric pouch, and in 3 of the 
animals a perforating gastric ulcer occurred. He made the further inter- 
esting observation that in these stomachs through which food did not 
pass the ulcers did not show the usual predilection for the lesser curva- 
ture. Similarly, Matthews and Dragstedt 5 obtained ulcers in a totally 
isolated stomach, as well as in a large Pavlov pouch accessory stomach, 
in both of which the motility of digestion was absent. They called 
attention to the fact that the remainder of the stomach from which the 
pouch was made did not ulcerate. 

Kapsinow 22 was the first to deviate bile from the gastro-intestinal 
tract. He implanted the fundus of the gallbladder into the pelvis of 
the right kidney and subsequently ligated the common duct. His ani- 
mals rapidly lost weight, passed tarry stools, and died after two or more 
tveeks. At autopsy 17 of 40 animals had acquired single or multiple 
ulcers varying in size from 2.5 to 5 cm. in diameter with punched-out, 
overhanging edges. He stated that Whipple produced ulcers by making 
a biliary fistula and later ligating the common duct, but criticized the 
work because of the possibility that infection, ascending through the 
fistulous tract to the duodenum or the liver, and not biliary drainage, 
caused the ulcers. As Kapsinow’s dogs were in poor condition before 
death, it is possible that inanition played some part in the production 
of the ulcers in his series. Mueller, 23 Kollicher, 24 Bidder, ■’ Schmidt,"' 
Beatti 24 and others produced ulcers “after exclusion of the liver. Boll- 

20. Koennecke, W.: Experimentelle Untersuchungen liber die Bedeutung des 
Pylorusmagens fur die Ulcusgenese, Arch. f. klin. Chir. 120:537, 1922; Zentralbl. 
f. Chir. 50:276, 1923 ; Ulcusgenese und Gastroenterostomie, ibid. 53:1866, 3926. 

21. Moutier, F.: De 1’ulcere chronique spontane cbez 1c chicn a estomne isole, 
Arch. d. ma 1. de 1’app. digestif 4:49, 1930. 

22. Kapsinow, R. : The Experimental Production of Duodenal Ulcer by 
Exclusion of Bile from the Intestine, Ann. Surg. 83:614, 1926. 

23. Mueller, Ludwig: Das corrosive Geschwiir im Magcn und Darmkanal 
(Ulcus ventriculi perforans chronicum rotundum), und dessen Behandhmg, . full 
gart, Ferdinand Enke, 1860, p. 274. 

24. Quoted by Greggio: Des ulceres gastro-duodenaux, Arch, de med. exper. 
et d'anat. path. 27:533, 3936-1917. 
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man and Mann” reported that perforating ulcers occurred when dojis 
were fed coarse food following partial hepatectomy. creation ot a true 
Eck fistula and ligation of the common duct, procedures which proha >ly 
influenced the quantity of bile entering the duodenum. In a second 
series of experiments they obtained similar results with usual diets 
after ligation of the common duct and removal of the gallbladder, and. 
in a few instances, after partial removal of the. liver. Berg and Jobling.* 
by excluding bile, obtained ulcers in A of 7 dogs in which a biliary fistula 
was made, in 6 of 11 dogs in which a fistula was first made and then 
obstructed, and in 3 of 5 dogs in which the common duct was ligated. 
Ivy and Fauley 27 obtained duodenal ulcers in 2 of 20 dogs in which 
the common duct was obstructed; Morton also obtained ulcers after 
obstructing tbe common duct, and Ivy'" noted ulcers in 0 of 10 dogs 


with permanent biliary fistulas. 

Rous and McMaster, 2s using Berg and Joining's - n method of pro- 
ducing biliary drainage, were unable to obtain peptic ulcers. Elman/'* 
using the same technic, observed no ulcers in many dogs, some of which 
were kept alive for as long as four months. Pucstow,"" in a study 
of biliary secretion following exteriorization of tbe duodenal segment 
containing the ampulla of Vater, made no mention of having observed 
ulcers. That ulcers did not develop in the animals of all of the latter 
investigators, who were able to keep their dogs in good condition for 
a period of months, suggests that some factor other than the absence 
of bile is responsible for the production of ulcers in the flogs with 
inanition. Since Ivy 13 has shown that ulcers are more likely to occur 
in experimental animals in poor condition, or with pneumonia, it seems 
probable that some of these dogs might have acquired ulcers because 
of their malnutrition and did not have malnutrition because of their 
ulcers. Certainly tbe dogs with obstruction of the biliary tract or with 
removal of part or all of it (hepatectomy) had sufficient metabolic 


23. Bollman, J. L„ and Mann, F. C.: Chronic Duodenal Ulcer in Animals 
with Eck Fistulas on Certain Diets, Arch. Path. 4:492 (Sept.) 1927; Peptic Ulcer 
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disturbances to acquire ulcers as a result of more than one factor. An 
experiment herein reported definitely indicates that the deviation of bile 
alone from the duodenum does not result in the formation of peptic 
ulcer. 

Deviation of pancreatic secretion alone into the lower intestinal tract 
has not been reported. However, by exclusion or total loss of the pan- 
el eatic juice, Elman and Hartmann 31 obtained duodenal ulcers in 6 dogs 
in which they accomplished pancreatic drainage. They were able to 
keep their animals alive for at least thirteen days by means of intra- 
peritoneal injections of lactate Ringer’s solution (as devised by Dr. 
Hartmann) in 5 per cent dextrose. Jona, 32 after tying the pancreatic 
duct in 11 animals, found ulcers in the duodenum, the stomach and the 
jejunum, and Gallagher 33 observed delayed healing of traumatic ulcers 
after ligation of the duct. In view of the alkalinity and large quantity 
of the pancreatic secretion it seems reasonable that the absence of its 
neutralizing effect might have delayed healing in the latter’s animals, 
but experiments herein included do not substantiate the work of Elman 
and Hartmann. 31 It seems that the ulcers obtained by Jona 32 could 
have been due to other factors than the absence of the neutralizing 
effect of pancreatic juice. 

The combined elimination of bile and pancreatic juice was first clone 
by Kehrer. 84 He implanted the pancreatic duct in the appendix and 
anastomosed the gallbladder to the same viscus after ligating the com- 
mon duct. In 6 dogs that died he found lesions which were macro- 
scopically and microscopically typical peptic ulcers. Grey 35 likewise 
obtained ulcers in 2 dogs after transplanting the bile and pancreatic 
ducts into the terminal ileum. Mann and Williamson 36 transplanted 
both the bile and the pancreatic ducts into the lower part of the ileum 
and obtained single and multiple indurated ulcers in the region between 

31. Elman, R., and Hartmann, A. F. : Spontaneous Peptic Ulcers of the 
Duodenum After Continued Loss of Total Pancreatic Juice, Arcli. Surg. 2 3:1030 
(Dec.) 1931. 

32. Jona, J. L.: A Further Contribution to the Experimental Study of 
Duodenal Ulcer, M. J, Australia 1:316, 1919; Experimental Study of Duodenal 
Ulcer, Physiol. Abstr. 4:412, 1919. 

33. Gallagher, W. J. : Acute Traumatic Ulcers of the Small Intestine : Obser- 
vations on the Effects of the Application of Clamps on the Gastro-Intestinal Tract, 
an Experimental Study, Arch. Surg. 15:689 (Nov.) 1927; Acid on Jejunal Trans 
plants, ibid. 17:279 (Aug.) 1928; Acid on Peptic Ulcer, ibid. 17:613 (Oct.) 19-8. 

34. Kehrer, J. K. W. : Ueber die Ursache des runden Magengcschwtircs, .Mitt, 
a. d. Grenzgeb. d. Med. u. Chir. 27:679, 1914. 
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Surg., Gynec. & Obst. 28:36, 1919. 

36. Mann, F. C„ and Williamson, C. S.: The Experimental Production of 
Peptic Ulcer, Ann. Surg. 77:409, 1922. 
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the pylorus and the ampulla of Vater in 10 of 31 doits. Ulcers occurred 
in 8 of 10 dogs in which they removed the entire duodenum, anasto- 
mosed the proximal end of the jejunum to the pylorus, and transplanted 
the bile and pancreatic ducts into the terminal ileum. 

Mann and Williamson 30 reinitiated the study of ulcer formation 
following the deviation of all the alkaline duodenal contents into the 
lower intestinal tract. In 14 of 16 dogs subjected to “duodenal drain- 
age,” subacute or chronic ulcers similar to those found in man occurred 
in the third or fourth week on the posterolateral surface of the jejunum, 
just distal to the jejunopvloric anastomosis, whereas ulcers developed 
in only 2 of 10 dogs in which they resected the duodenum and trans- 
planted the bile and pancreatic duels into the jejunum near the point 
where the latter was anastomosed to the pylorus. According to McCann. 3 
“In duodenal drainage Mann conceived of the gastric chyme as being 
ejected through the pylorus by gastric contractions, as if through a 
nozzle and impinging forcibly against the wall of a segment containing 
little, if any, alkali, the mechanical and chemical action of this stream 
leading to necrosis of the epithelium and the formation of ulcer." 

By several experimental methods Morton - further confirmed the 
probability that the chronicitv of ulcers and their failure to heal were 
due to the action of unneutralized acid gastric chyme and trauma. He 
excised pieces of mucosa from the lesser and greater curvatures of 
the stomach in 36 dogs and instituted “duodenal drainage.” In from 
50 to 62 per cent of these the defects in the antrum and on the lesser 
curvature were still present at subsequent observations. Similar detects 
in control animals healed within two weeks. Morton 2 believed that the 
defects on the lesser curvature persisted longer because tbev were sub- 
ject to more trauma than those on the greater curvature. In 13 animals 
he transplanted jejunal “patches” with intact circulation into the gastric 
wall, and in addition performed “duodenal drainage.” In 4 of these dogs 
ulcers developed in the “patches” on the lesser curvature, whereas no 
ulcers occurred on the greater curvature. Jejunal transplants in control 
dogs showed no marginal ulceration after fifteen days. 

In the duodenum Mann and Williamson 30 believed that the mechani- 
cal factor contributing to the cause of ulcer was the force of the imping- 
ing stream of gastric chyme through the pylorus. In the stomach 
Morton 2 believed that the mechanical factors which localized the ulcers 
obtained by him were “the paucity of protecting rugae in the prepyloric 
segment, particularly along the ‘Magenstrasse’ with its poor blood 
supply and the convergence of the lines of force along the lesser curva 
ture as suggested by Aschoff.” Cuna ' 

McCann 3 modified the original “duodenal drainage” ooeration to 
shunt the alkaline duodenal secretions from the distal side of the pylorus 

the gastric side. His assumption was that the deviation of duodenal 
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contents into the fundus of the stomach might control gastric acidity. 
A test meal of meat and water given to 2 dogs preoperatively and post- 
operatively revealed, by fractional analysis, the same normal curves for 
free hydrochloric acid, total acid and combined chlorides before and 
after “modified duodenal drainage.” Fractional gastric analyses before 
and after the performance of the original “duodenal drainage” opera- 
tion revealed similar curves. On the basis of these findings, McCann 3 
concluded that the mechanism for control of gastric acidity is intra- 
gastric, and that the level of gastric acidity is wholly' independent of 
reflux of duodenal contents. This phase of McCann’s work is open 
to criticism because only' 2 animals were used, and the meat test meal 
which was given usually' combines readily with hy'drochloric acid to mask 
the actual acidity developed. Contradictory findings have been reported 
by Steinberg, Brougher and Vidgoff, 37 who, by' the use of a test meal 
of 300 cc. of water containing extract of beef, observed a much higher 
acidity following “duodenal drainage” into the terminal ileum than was 
obtained in the normal stomach. These workers contended that the 
difference in acidity was not due to hypersecretion on the part of the 
stomach, since the acidity' of a Pavlov pouch in the same animal remained 
unaltered. 


McCann 3 obtained single or multiple subacute and chronic ulcers in 
the upper jejunum in 21 of 26 dogs on which he had performed his 
“modified duodenal drainage operation.” The incidence and type of 
ulcers were the same as those obtained by Mann, but he emphasized 
trauma as a factor in the production of these ulcers more than the 
action of unneutralized acid gastric chyme. In one specimen hairs were 
embedded in the wall of the ulcer, and in another an ulcer that had 
perforated was plugged by a pyramidal piece of turnip. These, he 
believed, were implanted in the ulcer by the forceful impinging of 
the gastric contents onto the jejunum and the friction of coarse cellulose 
foods. He was particularly' impressed with the forceful ejection of 
gastric chy'tne, because he observed roentgenologically' that the whole 
prepyloric segment was thrown into a vigorous tonic contraction when 


a test meal was given. 

Because the ulcers in his experiments developed in the presence of 
an unneutralized normal gastric acidity 7 , McCann concluded that the 
alkaline duodenal contents protect against ulcer formation by some 
ty'pe of buffer or diluting action beyond the pylorus that terminates the 
acid peptic activity' of the gastric chyme.” That the gastric acidity 
might have been abnormally' high, particularly when the original duo 


37. Steinberg, At. E. ; Brougher, J. C., and VidgofT, I. J.: Changes in the 
Chemistry of the Contents of the Stomach Following Gastric Operations, . rc 
Surg. 15:749 (Nov.) 1927. 
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denal drainage" was performed, has In ernmnenwt on. That it 
abnormally high alter the modified operation is not nn,,r..bahle. w 
it is possible that gastric peristalsis forced gastric contents rctrogradcly 
into the duodenal loop or at least seriously interfered at times with the 
free and continuous flow of the duodenal contents into the stomach. 

Steinberg and Proffitt ' 1 " also believed that trauma plays a part in the 
production of the ulcers that occur in animals subjected to “surgical 
duodenal drainage.” They found that ulcers occurred just distal to 
the anastomosis in 100 per cent of dogs when the jejunum was anas- 
tomosed end-to-end with the pylorus, whereas if the side of the jejunum 
was anastomosed to the end of a pylorectomizcd stomach, ulcers were 
obtained in only 43 per cent of the animals. 1 hey also observed that 
following the latter Billroth type of anastomosis ulcers occurred more 
frequently when they produced a kink just distal to the anastomosis. 
This, they believed, produced stasis and allowed tbe acid gastric chyme 
more time to exert its corrosive action. 

The experiments of Matthews and Dragstedt s indicate that the 
action of acid gastric juice is more important than trauma in the pro- 
duction of peptic ulcer. They reproduced in dogs a counterpart of 
the Meckel’s diverticulum of man by implanting a small isolated pouch 
of gastric wall into the jejunum and into the ileum. In the intestinal 
mucosa near the transplant, chronic ulcers occurred in S5 per cent of 
instances in the jejunum and in 100 per cent in the ileum. These ulcers 
occurred in the absence of unaccustomed trauma and could have been 
produced only by the corrosive action of acid gastric juice. These 
authors repeated the “duodenal drainage” experiment, hut anastomosed 
the duodenum to the jejunum only 40 cm. below the anastomosis of 
the jejunum with the pylorus. Only 1 dog of 21 so operated on acquired 
a jejunal ulcer. In this experiment regurgitation of duodenal contents 
apparently prevented the formation of ulcers, and the trauma empha- 
sized by McCann 3 was evidently not great enough to produce destruction 
of the jejunum. In another group of animals in which the pyloric 
musculature was completely excised and regurgitation prevented by 
placing a one-way valve above the point of drainage of the duodenal 
contents into the jejunum, ulcers developed in 100 per cent, showing 
that the corrosive action of unneutralized acid gastric juice alone will 
cause ulcer formation. When in normal dogs a valve was placed in the 
pylorus to prevent regurgitation of duodenal contents, both the free and 
the total acidity in the gastric contents were raised above normal when 
a standard test meal was given. Neutralization of 0.5 per cent hydro- 
chloric acid placed in the stomach was delayed, as was the healing of 


38. Steinberg, M. E., and Proffitt, J. C. : 
Ulcers, Arch. Surg. 25:819 (Nov.) 1932. 


The Etiology of Postoperative Peptic 



842 ARCHIVES OF SURGERY 

acute ulcers produced by the injection of silver nitrate into the gastric 
mucosa. Prevention of regurgitation of duodenal contents also resulted 
in the occurrence of ulcers in transplants of intestinal mucosa sutured 
into defects made in the gastric mucosa. Matthews and Dragstedt 5 
believed that these experiments substantially support the contention that 
the chemical action of pepsin hydrochloric acid (of the concentration 
found in pure gastric juice) can by itself produce typical chronic peptic 
ulcer. They stated that it should be emphasized that no evidence has 
been offered which contradicts the possible deterrent action of gastric 
motility and the mechanical action of coarse food in the healing of 
acute lesions of the stomach or duodenum. They concluded, however, 
that of these three factors, the chemical action of the acid gastric secre- 
tion seems to be the most important both in the production of acute 
peptic ulcer and in its subsequent chronicity. 

The following investigations were undertaken in order to evaluate 
the effect of trauma in the production of peptic ulcers and to determine 
the combined and relative values of bile and pancreatic juice in the pre- 
vention of ulcer. 


I. EFFECTS PRODUCED BY DRAINAGE OF THE DUODENAL 
CONTENTS INTO THE PREPYLORIC SEGMENT OF 
THE STOMACH 


This study on the etiology of peptic ulcer is based on the well known 
experimental evidence that ulcers develop just distal to the anastomosis 
of the jejunum and the pylorus in 100 per cent of dogs when “surgical 
duodenal drainage” is performed. To evaluate better the roles played 
by trauma and unneutralized acid gastric contents, a modified duodenal 
drainage operation (fig. 1) was performed in order that duodenal reflux 
could be mimicked. The duodenal contents instead of being deviated 
into the fundus of the stomach, as was done bv McCann, 3 were deviated 
into the prepyloric portion of the stomach just proximal to the anasto- 
mosis of the pylorus with the jejunum (fig. 1). By this means the 
alkaline secretions could mix with the acid gastric contents as the) 
were ejected from the stomach and possibly neutralize these to such 
an extent that ulceration in the jejunum would not occur unless trauma, 
as is emphasized by McCann, 3 is an important factor in the production 
of ulcer. 

METHOD 

Moderately large healthy dogs that were already accustomed to kennel life 
were used in these experiments. The surgical procedure was performed unaer 
aseptic conditions. Rubber-covered spring steel clamps were used to acn a i 
making of the anastomoses, but no crushing clamps were used on tissue in ' 

’ to be included in the anastomotic sutures. Silk was used throng wut as 
material. 
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The abdomen was opened by a high miillinc inciMon. The pyloru- wa- 
delivered into the wound, and the vessels on the upper and loner border- un- 
damped, divided and tied with silk. The pylorus was divided, and the duodenal 
end was ligated, inverted by a purse-string suture and covered with a piece of tlv 
hepaticoduodcnal ligament. Just distal to the ligament of Treitz the jejunum wn- 
delivered and divided. The proximal end of the distal segment was anastomosed t-> 
the pyloric end of the stomach to reestablish continuity of the gn-trn-intc-tin.il 
tract with the duodenum excluded. The distal or jejunal end of the i-*1ntcd 
duodenum was anastomosed (end-to-side) to the prepyloric portion of the anterior 
wall of the stomach within 3 cm. of the jejunopyloric anastomosis (fig. 11. 

By means of this technic the alkaline duodenal contents were shifted from th.r 
distal side of the pylorus to the proximal side at a point very near the pyloro- 
jejunal anastomosis so that gastric contents might lie mixed with duodena! content- 
just as the former passed out of the stomach. It was thought that the mixing of 
acid gastric chyme and alkaline duodenal contents obtained in this manner would 



Fig. 1. — Drawing illustrating the “duodenal drainage operation” modified to 
mimic duodenal reflux by deviation of duodenal contents into the prepyloric por- 
tion of the stomach. 

simulate to some extent that which is supposed to occur if reflux of duodenal 
contents actually does take place. The question was: Would the susceptible 
jejunal mucosa ulcerate in the presence of controlled gastric acidity, but under 
conditions permitting as much traumatization as occurs in the operations of 
Mann 1 and McCann? 3 

After operation the dogs were fed milk and syrup until thev were able to take 
ordinary kennel rations, which consisted of coarsely ground up bones and foods of 


ava—j ijuro 


Eleven dogs lived from thirty to one hundred and eighteen days 
In several of the dogs that died earlier no definite cause of death could 
be found, but these animals appeared to have an intoxication similar 
to that seen m animals with a high intestinal obstruction. As the 
prepyloric muscle is very thick and was usually found contracted at 



844 


ARCHIVES OF SURGERY 


necropsy , it seems not unlikely that this musculature exerted on the 
gastrojejunostomy a sphincteric action which caused a partial or inter- 
mittent obstruction of the duodenal segment. The 11 dogs that survived 
longer periods progressively lost weight and strength and died of inani- 
tion. In most instances the duodenal segment was sufficiently dilated 
and bile-stained to suggest that there had been a stasis of duodenal 
contents. In none of the dogs did a subacute or chronic ulcer develop 
in either the stomach or the jejunum. 

COMMENT 

The fact that peptic ulcers did not develop when the duodenal con- 
tents were deviated into the prepyloric portion of the stomach instead 
of into the fundic portion, as was done by McCann, 3 seems to indicate 
that the acid gastric chyme as it passed, or was ejected from, the pyloric 
end of the stomach into the jejunum, was sufficiently mixed with alka- 
line duodenal secretions to render it noninjurious to jejunal mucosa. 
That normal physiologic reflux of duodenal contents was duplicated is 
not claimed, for it is doubtful that the jejunum was bathed by alkaline 
duodenal contents more than a part of the time, but it is probable that 
the oncoming acid gastric contents were neutralized or diluted much 
in the same manner as they are by the reflux of alkaline duodenal 
contents. It is evident from these results that trauma is of little impor- 
tance as a factor in the production of ulcer by “duodenal drainage.” 

That trauma plays an important role in the production of peptic 
ulcers following “surgical duodenal drainage,” as believed by Mann, 3 " 
McCann 3 and their associates, is not substantiated, as in this experiment 
“the force of the impinging stream ejected through the pylorus” was 
not altered, and ulcers did not form. 

II. STUDY OF BILE AND PANCREATIC JUICE, RESPECTIVELY, 
IN THE PREVENTION OF EXPERIMENTAL PEPTIC ULCER 

This study was undertaken to evaluate the roles played by bile and 
pancreatic juice, respectively, in the prevention of peptic ulcer. By 
previous investigators these alkaline secretions had been simultaneously 
deviated, and each had been separately" excluded by' drainage to the 
outside, but each had not been separately deviated into the lower intes- 
tinal tract. Various authors, without basing conclusions on experimental 
evidence, had claimed greater neutralizing properties for one than for 
the other. These properties, the degree of alkalinity' and the quantity 
of each secretion, had been accurately estimated, but their physiologic 
action in situ had not previously' been determined. 

In the present investigation, deviation of bile was obtained by ligating 
and dividing the common duct and anastomosing the fundus of the 
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gallbladder to the terminal portint, ^ ’ ^!!n 

" 

or avulsion of the accessory pancreatic duct ( 'h- • )• 




Fig. 3. — Drawing illustrating the deviation of pancreatic juice into the terminal 
portion of the jejunum by transplantation of the main pancreatic duct into the 
jejunum. 

METHODS 

Moderately small dogs were used in this study because in large animals the 
deep thorax was found to make the operative procedures extremely difficult. 

Deviation oj Bile (fig. 2). — The common bile duct was identified and sectioned 
between two ligatures placed just adjacent to the entrance of the duct into the 
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duodenum. The fundus of the gallbladder was delivered into the operative field 
with the aid of Allis clamps, which, after aspiration of the contents of the gall- 
bladder, were replaced by “guy sutures” to facilitate making the anastomosis with 
the terminal portion of the jejunum. The stoma made in the two organs was usually 
less than 5 mm. in length. Some anastomoses were executed with a single row of silk 
mattress sutures, but in most of them a continuous silk Lembert suture was used 
in addition to a through and through continuous catgut hemostatic suture. In 3 of 
the dogs jejunojejunostomy was performed adjacent to the described anastomosis 
to short circuit intestinal contents away from the cholecystojej unostomy. 

Deviation of Pancreatic Juice (fig. 3). — The small accessory pancreatic duct, 
which enters the duodenum 0.5 cm. below the papilla of Vater, was identified and 
either avulsed or ligated. The main pancreatic duct (about 3 mm. in diameter), 
which enters the duodenum about 4 cm. below the papilla of Vater, was identified 
and “reamed” out of the duodenum so that approximately 2 mm. of duodenal wall 
remained about its os. The resulting defect in the duodenum was closed with a 
single row of interrupted Lembert sutures, which did not invert enough tissue to 
produce a duodenal atresia. The distal portion of the jejunum was identified, and 
two silk sutures were passed through its medial wall into the lumen and out 
through a small stab wound placed in the opposite side of the gut. These sutures 
were then passed through the muscle and submucosa surrounding the os of the 
pancreatic duct and were brought back through the stab wound to cross the lumen 
and come out through the jejunal wall near their starting points. By means of 
these sutures the stump of the pancreatic duct was carefully introduced and drawn 
through the stab wound into the lumen of the jejunum and was then made fast by 
tying these sutures. A few Lembert sutures were employed to approximate the 
jejunum and duodenum, thus avoiding undue tension on the sutures holding the 
pancreatic duct in the lumen of the jejunum. 

RESULTS 

Fourteen dogs were subjected to deviation of bile (fig. 2) by division 
of the common duct and anastomosis of the fundus of the gallbladder 
with the end-portion of the jejunum. Six dogs died in two weeks or 
less of shock or peritonitis. Eight dogs lived long enough to make 
them of experimental value; 1 is still alive and healthy after eleven 
months, 4 lived three months or longer, and 3 died one month after 
operation. Death was due in most instances to hepatitis or to pneu- 
monia produced by migration of Dirofilariae from the heart into the 
lesser circulatory system whence they perforated to cause a hemorrhagic 
pneumonitis. In only 1 of the 8 dogs was an ulcer obsetved at autops). 
This ulcer occurred just distal to the pylorus and caused death of the 
animal in three months by a spontaneous healing which produced a 
duodenal stenosis. In all of the other animals the duodenal and gastric 
mucosa were apparently normal. 

Eight dogs were subjected to deviation of the pancreatic juice (fig. 3) 
by transplantation of the pancreatic duct into the terminal portion o 
the jejunum. Three of the 8 dogs did not live long enough to be of 
experimental value, but the remaining 5 lived from two to four mont is. 
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Death was clue to pneumonia produced by Dirofiinriae. In none of the 
dogs was an ulcer observed, and in all instances the duodenal and gastric 
mucosa appeared grossly normal. 


COM M ENT 

As Mann 86 had obtained experimental peptic ulcers of the duodenum 
in 20 per cent of dogs in which he had deviated the alkaline bile and 
pancreatic juice simultaneously to the lower intestinal tract, it was hoped 
that ulcers could be produced in the absence of one of the alkaline 
digestive juices (figs. 2 and 3). Had a fairly high incidence of duodenal 
ulcer occurred in the absence of cither one of these alkaline digestive 
juices, some valuable information would have been obtained concerning 
the comparative protective value of either of them. 1 he finding of a 
completely healed ulcer in the duodenum of 1 animal that was subjected 
to deviation of the bile does not justify drawing any conclusions con- 
cerning the comparative protective value of bile and pancreatic juice 
in preventing ulcer. The ulcer was merely an acute one which in the 
presence of pancreatic juice healed spontaneously. On the basis of 
the negative results obtained in this experiment one is probably justified 
in concluding that either bile or pancreatic juice alone docs protect 
against ulcer formation. That the duodenal mucosa is highly resistant 
to ulcer formation is self-evident, especially when one considers that 
prompt healing occurred in the sutured defect caused by the “reaming’' 
out of the pancreatic duct. 


III. EFFECT OF ACID GASTRIC CHYME ON DUODENAL AND 
JEJUNAL MUCOSAE WHEN NEUTRALIZED BY BILE 
OR PANCREATIC JUICE ALONE 


In this study experiments were carried out to determine the effect 
that bile or pancreatic juice, respectively, might have in the prevention 
of ulcer in duodenal and jejunal mucosae exposed to acid gastric chyme. 
Similar investigations had not previously been made. Bile and pancre- 
atic juice, respectively, had been excluded by drainage to the outside 
or by ligating the common or pancreatic ducts, but their protective effects 
m either the duodenum or the jejunum had not been comparatively 
studied. 3 


On the deviation of bile into the lower intestinal tract, pancreatic 
juice alone remained in the duodenum to counteract the corrosive action 
of acid gastric contents. Conversely, when pancreatic juice was devi- 
ated, bile remained alone to protect the duodenum. 

When the foregoing deviations had been present long enough to 
be of experimental value, duodenal drainage was instituted The ieiunal 
loops »-l,,ch had formerly received bile (fig. 1) or pMKnat ic 
(hg. 4) transplantations were anastomosed to the antral end of the 
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METHODS 

Moderately large well nourished dogs that had already become accustomed to 
kennel Me were ut, lined, to lessen the risk of losing the animals beta 2 ™ 
tions might be completed. oosena- 

Dcviation of Bile.— The common bile duct was identified and sectioned between 
mosquito forceps and a ligature placed just proximal to where the duct enters 
the duodenum After the duct had been dissected free for 2 cm, two mosquito 
forceps were placed on the end of it, and between these the duct was split about 
2 mm. upward. At a point on the jejunum about 30 cm. beyond the ligament of 



Fig. 4. — Drawing illustrating the duodenum containing bile drained into the 
ileum and substitution for it of the jejunum containing the transplanted pancreatic 
duct. 


Treitz sutures were placed as in study II, and the duct was drawn through a 
stab wound into the lumen of the jejunum and secured. A few Lambert sutures 
were placed to approximate the jejunum and duodenum to lessen undue tension 
of the transplant. The loop of jejunum utilized was placed so that it ran upward 
and parallel to the duodenum in order that it might satisfactorily serve for the 
second part of this study. 

Deviation of Pancreatic Juice. — This was accomplished as in study If, except 
that the transplant was made in the jejunum at a point 30 cm. beyond the ligament 
of Treitz. 


Substitution of Jejunum Containing Transplant for Duodenum (figs. 4 and a).— 
After the animals subjected to the two preceding transplantations had served their 
purpose they were reoperated on. The stomach was sectioned proximal to the 
pylorus and the end of the duodenum with the attached pars py/orfea was 
with through and through and Lembert sutures. Next the jejunum was section" 
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a {esv centimeters below the duct transplant. The end lending up to tin- iram- 
plant was dosed, and the proximal or duodenal end tva< anaMomoM-d into the 
distal portion of the ileum. The loop of jejunum containing the tran-plant 
placed so that it led up into the upper right quadrant of the abdomen and then 
turned downward so that its nutimescnteric border could lie aua^touuoed. end-to- 
side, with the stomach. The latter anastomosis was accomplished with continuous 
silk sutures for both the mucosa and the serosa (figs. 4 and 51. 

Immediately following operation the dogs received an infusion and were subse- 
quently fed in the same manner until the sixth day. They were then given dextrose 
and milk until the ninth day, when they were placed on regular kennel rations. 


KESUI.TS 

After transplantation of either the common or the pancreatic find 
the dogs were allowed to go from twenty-three to fifty-two days faver- 



Fig. 5. Drawing illustrating the duodenum containing pancreatic juice drained 
into the ileum and substitution for it of the jejunum containing the transplanted 
common duct. 


age of thirty-five days) before they were subjected to the second opera- 
tion Twelve dogs were subjected to reoperation, and in neither group 
of 6 each was a duodenal ulcer found on exploration. Likewise there 
were no ulcers in 2 additional dogs, 1 from each group, that died four 
weeks and one week after the original operation. In these 14 dogs the 
tailure of ulcers to form in the duodenum substantiates the results 
obtained m study II and increases the number of dogs subjected to 
dewauon of bile to la and to deviation of pancreatic juice to 12 

> r x " ad 

age” (T/ sCT 15 ' 1° V Wr T Aft ' r ““ rgical duod “ a ' drain! 

g (%• 3) or excluding the duodenum and substituting the jejunum 



Fig. 6. — Photograph showing a huge callous ulcer and two smaller chronic 
ones obtained in a jejunum protected by bile alone. 



Fig. 7. — Photograph showing an ulcer that had perforated and four smaller 
ones obtained in a jejunum protected by bile alone. 
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with its common duct transplant, 1 dog died of pneumonia on the tenth 
day. No ulcer was present, but erosion was evident about the silk- 
sutures. The five remaining dogs all died in from twenty-two to fifty 
days with ulcers of the jejunum that had either perforated or caused 
a fatal hemorrhage. Most of the ulcers occurred within 2 cm. of the 
gastrojejunostomy, and all were of the chronic type seen in man. In 
an animal that bled to death a callous ulcer measuring 4 by 5 cm. had 
caused adhesions to a neighboring loop of intestine. Distal to this huge 
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Fig. 8. Photograph showing a perforating ulcer obtained 
tected by bile alone. 


*n a jejunum pro- 


ulcer were two smaller chronic ones (fig. 6). In another animal in 
' Ch tlK " lcer Prorated there were four smaller chronic ones further 
down he jejunum (fig. 7). In the other 3 animals, in addition to a 
arge perforatmg ulcer, there were also one or two small chronic lesions. 

° f 7 t° g , S on ' vh,ch transplantation of the pancreatic duct had been 
excluded and the jejuni with its' pait t ic 

substituted, 1 dog dred wrth pneumonia on the eighth die without an 
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ulcer. The 5 remaining dogs all died in from fourteen to forty days 
with ulcers, three of which perforated (fig. 8) and two of which caused 
a fatal hemorrhage (fig. 9). All of the ulcers were of the chronic type 
and occurred within 1 cm. of the gastrojejunostomy, being multiple in 
only 1 dog. In this animal there were two additional small callous 
ulcers. 



F ig. 9 .— Photograph showing a superficial ulcer obtained in jejunal mucosa 
protected by pancreatic juice alone. 


COMMENT 

In 14 dogs, common duct and pancreatic duct transplantadons which 
deprived tile normal duodenum of one or the other 0 \ e kCTS ;ls wa s 
live juices were not followed by the occurrence of pept c w| 

also shown in study II. In the former study - ,, ccallst . tWs 

anastomosing the fundus of the gailhlac er in o ^ ,|tict iself. 

seemed technically easier than transp anting 1 ^ al)c „d e d by 

However, the converse has proved easieI "' an , intestinal contents, 
hepatitis from retrograde filling of the gallhladder h) ...test, 
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Following transplantation of the common duct, for example, the 
pancreatic juice remained to protect the duodenal mucosa, lint following 
the second operation ("duodenal drainage"; fig. 5) there was only bile 
to protect the jejunum substituted for the duodenum. In the other 
group of dogs the converse was true (fig. 4). 1 he fact that peptic 

ulcers caused fatalities in all of the 5 dogs in each group that lived 
long enough for experimental purposes proves that the jejunal mucosa 
is more sensitive to the formation of peptic ulcer than is the duodenal 
mucosa. It was hoped that pancreatic juice could he definitely shown 
to he more protective than Idle, hut the results merely suggest this. 
The ulcers that occurred in the jejunum protected hv pancreatic juice 
were actually not so large (fig. 8), not so prone to perforate (fig. 9) 
(three perforated) and not so often multiple (1 dog with multiple 
ulcer) as were those that occurred when bile was deviated to protect 
(four ulcers perforated, and in all dogs there were multiple ulcers; figs. 
6 and 7). That neither of the alkaline digestive juices can prevent 
the formation of ulcers in jejunal mucosa exposed to the corrosive action 
of acid gastric chyme is definitely demonstrated in these experiments. 

SUMMARY AND CONCLUSIONS 

When “duodenal drainage” was performed and alkaline duodenal 
contents were deviated into the stomach just proximal to the pyloro- 
jejunal anastomosis (experiment I) ulcers did not form. This indicates 
that the neutralization of acid gastric chyme as it passed through the 
pylorus prevented the formation of ulcers. It docs not substantiate 
the belief of McCann 3 that trauma is of great importance in the pro- 
duction of ulcers following “duodenal drainage.” 

If either bile or pancreatic juice was deviated from the duodenum 
into the lower intestinal tract (experiments II and III) the remaining 
duodenal contents were sufficient in quantity and alkalinity to prevent 
ulceration of the duodenum. 

After the performance of “duodenal drainage” and transplantation 
of either the common bile duct or the pancreatic duct into the jejunum 
near the pylorojejunal anastomosis (experiment III) chronic or per- 
forating peptic ulcers formed in all instances. The characters of the 
ulcers suggested that pancreatic juice may be more protective than bile 
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In 1 928, one of us (Dr. Bargen) 1 reported nineteen cases encoun- 
tered at the Mayo Clinic in which a malignant neoplasm was associated 
with a lesion of long-standing, chronic ulcerative colitis and one case of 
lymphatic leukemia associated with progressive, fulminating, chronic 
ulcerative colitis. In three of the nineteen cases proof of a malignant 
condition lay in the development of a large filling defect in the colon, 
with a sudden and rapid change of symptoms and with signs of obstruc- 
tion, cachexia and anemia ; in fourteen cases a specimen removed either 
at operation or at necropsy established the diagnosis of carcinoma, and 
in two cases, the diagnosis of lymphosarcoma. 

The cases in this series had many striking features in common. The 
sudden change in symptoms, the rapid failure of the patients, the appar- 
ent futility of treatment and the early demise of the patients were 


noteworthy. Of the twenty patients only one who underwent resec- 
tion of the diseased portion of the colon for carcinoma and only one 
who underwent resection of a large section of the bowel for lympho- 
sarcoma are living today. All of the rest died within from several days 
to several months after discovery of the malignant process. Most of 
them died within several weeks, irrespective of the treatment employed. 

Polypoid hyperplasia of the inflamed mucous membrane was noted 
when the patients came under observation prior to the development of 


actual malignant disease. In more than a third of the cases polyps were 
found in the rectum at the time of proctoscopic examination before car- 
cinoma appeared. We made a detailed report 2 of this association of 
polyps and chronic ulcerative colitis in 1930 and found polyps in 10 
per cent of all of the cases of long-standing chronic ulcerative colitis. 
If polyps occur subsequently, therefore, in 10 per cent of cases of 
chronic ulcerative colitis and if in more than 60 per cent of the cases 


From the Division of Medicine and the Division of Surgery, the Mn\o Clinic. 

1. Bargen, J. A.: Chronic Ulcerative Colitis Associated with Malignant Dis- 
ease, Arch. Surg. 17:561 (Oct.) 192S. . 

2. Eargen, J. A., and Comfort, M. W.: The Association of Chrome LJccrn- 

tive Colitis and Multiple Polyps, Ann. Int. Med. 4:122 (Aug.) 1930. 
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in which carcinoma develops later the patient has passed through the 
stage of polyposis, it seems that the presence of polyps and the destruc- 
tive infection of this type of colitis may predispose to carcinoma. Proof 
of this is lacking, but a study n in 1933 strongly suggested the presence 
of a neoplastic factor in chronic ulcerative colitis. Because of this, a 
further review of the cases reported in 192S and some observed since 
then was undertaken to see it the newer clinical data might arid infor- 
mation of value from the therapeutic standpoint. 

The present stud} - concerns twenty-five cases of carcinoma and two 
of lymphosarcoma proved at pathologic examination, the tumor develop- 
ing in the course of severe chronic ulcerative colitis. The cases of the 
former report are included here, but they are considered principally 
from the standpoint of management. Of the twenty-seven patients, 
twelve were women and fifteen were men. The ages of the patients at 
the time of discovery of the carcinoma ranged from 21 to 69 years. 
In the cases of the younger patients the history of colitis was par- 
ticularly likely to be long, ai\d many of them had presented clinical ami 
pathologic evidence of colitis for years. 

A sudden change of symptoms with unusual bleeding and local pain 
in patients who had been under repeated observation was considered 
to be indicative of the onset of carcinoma. No one knows how long 
it takes a subclinical carcinoma to assume symptomatic proportions, but 
judging from the fulminating course of the disease after the change in 
symptoms and from the actual observation of pathologic change, the 
history' of carcinoma is probably fairly accurately represented by the 
time given in table 1. 

t In case 1, the diagnosis of ulcerative colitis was established by proc- 
toscopic examination as early as 1915, when the patient was 9 years of 
age. Since little encouragement could be given, the patient was not 
seen at the clinic again until 1924. In these nine years the trouble had 
slowly progressed, with numerous fulminating exacerbations of symp- 
toms and some periods of partial recovery. A proctoscopic and roent- 
genologic examination in 1924 confirmed the diagnosis of advanced, 
destructive colitis. At that time treatment with vaccine, prepared from 
diplostreptococci isolated from the patient’s rectal ulcers, was begun, 
and improvement followed rapidly. The patient gained weight and was 
soon engaged in a wage-earning occupation. Proctoscopic examinations 
m 1926 and in January and April 1922 revealed healed colitis. Early 
m December 1927 there was a slight recurrence, and proctoscopic exami- 
nation disclosed the typical picture of chronic ulcerative colitis The 


3. Brust, J. C. M., and Bargen, J. A.: The Neoplastic Factor in Chronic 
Ulcerative Colitis, New England J. Med. 210:692 (March 29) 1934 



Summary of Data in Twenty-Seven Cases 
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condition grew progressively worse, and proctoscopic examination on 
Jan. 3, 1928, revealed hyperplasia of the mucosa in several places, with 
an indurated ridge measuring 2 by 5 cm., about 8 cm. from the aims. 
A specimen of tissue removed from this region was reported as being 
adenocarcinoma, grade 4. Radium applied locally caused shrinkage of 
the lesion and an apparent beneficial effect on the mucosa generallv. 
However, improvement was only temporary; the patient began to fail 
rapidly and died less than five months after the first appearance of the 
malignant change. 



•*»'» 25 co '; lis -o.v inE 

Cnt,re ™ infiltrated with ^ 

of C ° mPlete ’ * eighteen 

advanced destructive colitis. In recent years ' the ^ SCVCre ’ 
of carcinoma has been graded. In six of th mal! g nan t progress 
graded 4; in one, 3, and'in five, 2 In ca ses t 9 IT ^ lesbn Was 
tmes were stiff, carcinomatous tubes as far o ’ U f 0 , ^ 22 ’ the intes - 
examined (fig. l). In severaI other cas J ^ ad as th ^ could be 

cinomas were present, and in still others here d / ssem]na ted car- 
cohtis involving the entire colon associated JJf W “ Chr ° nic ulcerati ve 
portion (figs. 2 and 3 and table). th a Single car cinomatous 




Fig. 2 (case 6). — Roentgenograms showing: A, the colon typically involved 
by chronic ulcerative colitis (taken in 1916) ; B, the carcinomatous defect in the 
midtransverse colon. 



Fig. o (case 10).—^, photograph of a single carcinoma with chronic ulcerative 
colitis. B, roentgenogram showing a stricture-like defect of the tran=\crse coon 
near the hepatic flexure. 




K?" 


BARCEX-DIXOX— COLITIS WITH CARdSOMA 

These statistics suggest a rather hopeless outlook for the patient 
with chronic ulcerative colitis in whom colon, c carentotna .level n 
ceneral, this may be true, hut some striking exceptions are to he font, . 
Two of the seven new cases, reports of winch have not hitherto been 
published, are here reported in detail. These are eases 4 and -/ m 
the table. 

REPORT OF CASES 

r . SE 4 man. aged 30. came to the clinic on Sept. 1?. 1933. complaining 

of chronic' ulcerative colitis of eight years’ duration. In July 192a, during Ins 



Fig. 4 (case 4). — Roentgenogram showing chronic ulcerative colitis involving 
the colon from the anus to the splenic flexure. 


first episode of bloody dysentery, he had averaged thirty rectal discharges daily. 
His weight had gone from 210 to 147 pounds (95.3 to 66.7 Kg.) within eight 
weeks. The trouble had continued in the main without remission, although there 
had been short periods of improvement, such as those which occurred in 1932 and 
1933, when his weight had reached 188 pounds (85.3 Kg.) and when the bowel 
movements had become reduced to five or six every twenty-four hours. During 
this year treatment was for a diplostrcptococcic type of colitis. On Sept. 1 1933 
he had had a peculiar intermittent throbbing sensation in the rectum, with a sense 
of rectal blockage. At that time diarrhea had increased. He had ’ consulted the 
physician at his home, and proctoscopic examination had revealed carcinoma of 
the rectum on an inflammatory base. 
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On admission the patient’s general condition was good. The value for hemo- 
globin was 15.2 mg. per hundred cubic centimeters of blood; the erythrocytes 
numbered 4,180,000, and the leukocytes, 11,700, per cubic millimeter of blood. Of 
the leukocytes, 73 per cent were polymorphonuclear neutrophils. A roentgenogram 
of the thorax showed nothing abnormal. Sigmoidoseopic examination revealed a 
tube from 1 to 2 cm. in diameter which was contracted for 24 cm. Just above 
the anus and involving the inner margin of the posterior and left wall of the 
rectum was an irregular superficial, nodular lesion measuring about 2 by 2 cm. 
A specimen of tissue revealed adenocarcinoma, grade 2. A roentgenogram dis- 



Fig. 5 (case 4). — Photograph of the descending colon and the rectum. The 
carcinoma may be readily identified in the rectum ; the bowel is extensively ulcer- 
ated and contracted. 

closed evidence of chronic ulcerative colitis distal to the middle of the tran»rer>c 
colon, with extreme narrowing of the distal segments (fig. 4). 

The patient was given a short course of treatment with a solution of the specific 
antibodies and intraperitoneal injections of vaccine made from streptococci am 
colon bacilli, and on September 22 the abdomen was explored through an upper 
left rectus incision. There were no hepatic metastatic growths. 1 he right hnl o 
the colon seemed normal. The remainder of the colon, beginning just proximo t 
the splenic flexure, was contracted, thick-walled and ropelike its appearance jemg 
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grossly typical of that in chronic ulcerative colitis. The transverse colon wn- 
divided at its median point; the end of the distal segment was closed ami covered 
with omentum, and the distal end of the proximal portion was utilized lor the 
single-barreled type of colostomy. Postoperative convalescence was somewhat 
stormy because of the development of bilateral parotitis, hut this was effectively 
treated by the use of surface packs of radium. '1 he patient was allowed to return 
home for a few weeks. 

The patient returned to the clinic on November 18. His general condition was 
much improved, and he had gained 12 pounds (5.4 Kg.). On November 21. the 
entire portion of the colon distal to the colonic stoma and rectum was removed 
(fig. 5). Recovery was uneventful. On Feb. 6, 1934. two and one-half months 
later, the patient reported that his weight and strength were normal and that he 
had resumed his usual duties as operator of an oil station. A similar report was 
made five months after operation. 

Surgical treatment in this case was a formidable undertaking. A 
surgical procedure of somewhat less magnitude could have been chosen 
had we been dealing with a malignant disease only of the rectum, hut 
a malignant process superimposed on an intractable chronically ulcer- 
ated bowel presents a different problem. If the diseased segment of 
bowel is resected in such cases, the result is unsatisfactory, and fre- 
quently the patient dies. If a colonic stoma had been made in the 
descending colon in this case, and if recovery from operation had fol- 
lowed, the result still would have been unsatisfactory. Occasionally a 
colonic stoma is seen in an extensively ulcerated colon. In these cases 
the colonic stoma is usually so contracted and small that elimination is 
inadequate and general debilitation from the disease is not lessened. 
Obviously, in such cases, another stoma has to be made in healthy bowel 
proximal to the diseased segment. 

In such a case as the foregoing, then, if any surgical procedure is 
to be carried out, the entire diseased segment should be removed. If 
only inflammatory disease had been present, obviously an ilcostomv or a 
colostomy alone would have been resorted to, which in some cases of 
intractable, chronic ulcerative colitis with other complications is suffi- 
cient. Occasionally, however, it becomes necessary to remove the dis- 
eased colon in such cases because of general debilitation due to the 
presence of an overwhelming infection. 


Case 27.— An unmarried woman, aged 53, came to the clinic on May 6, 1929, 
with a history of chronic ulcerative colitis of three years’ duration. There had 
been many bloody purulent rectal discharges. Proctoscopic examination at that 
time revealed the usual granular, easily bleeding mucous membrane Diplo- 
streptococci were isolated from the rectal lesions. The patient was given a solu 
tion of the specific antibodies followed by some vaccine; during the succeeding 
months her improvement was satisfactory. When the colitis began to imnrove 
she mentioned that she had had menorrhagia for a year; dilatation and curettane 
revealed adenocarcinoma, grade 1, of the fundus of the uterus. On Tune 1 1929 
total abdominal hysterectomy was performed. Recovery from both procedures 
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was satisfactory, so that she was able to return to her teaching. She made fre- 
quent reports by mail and as late as Aug. 15, 1933, she reported that she was in 
excellent condition. However, on Jan. 1, 1934, she stated that she had had recur- 
ring cramping pain in the left lower abdominal quadrant. The first attack had 
occurred in November, and by the time of her return to the clinic, on Feb. 1, 1934, 
she had had five or six attacks suggestive of an obstructive lesion. Digital 
examination revealed an annular lesion on an inflammatory base, in the lower 
portion of the sigmoid flexure; this lesion had narrowed the lumen to such an 
extent that it did not admit the index finger. The walls of the rectum were some- 
what fibrous, but more flexible than they had been. A specimen removed from 
the lesion revealed adenocarcinoma, grade 2. The mucous membrane of the rectum 
below the lesion appeared normal as viewed through the proctoscope. >, 

On February 6, exploration was made through a left rectus incision. .,- Palpa- 
tion of the liver did not reveal metastatic growths. The aortic lymph noJPs were not 
palpable. Examination of the entire colon, beginning at the cecum, was carried 
out. The walls of the bowel were normal to palpation, in contrast to the typically’’ 
ropelike colon found in ulcerative colitis. Exploration of the pelvic portion of 
the sigmoid revealed a rounded mass, evidently a carcinoma. The lower borders 
of the growth extended to within 5 cm. of the pelvic peritoneal fold. The growth 
was movable. A colonic stoma was made in the middle of the descending colon 
in anticipation of a second surgical procedure at the time at which the neoplasm was 
to be resected. Convalescence following this first procedure was satisfactory. 

Four weeks later a second operation was carried out through an abdominal 


incision low in the median line. Segmental resection of the lower portion of the 
sigmoid was performed, and an end-to-end anastomosis was made (fig. 6). After 
the procedure was completed, a large rectal tube was passed through the colonic 
stoma into the distal segment of the bowel, beyond the anastomosis and into the 
lower portion of the rectum. The immediate convalescence was satisfactory./ On 
the sixth postoperative day the patient’s temperature became elevated to 1/54 F., 
with marked acceleration of the pulse rate. Death occurred two days later/ on the 
eighth postoperative day. Clinically, the cause of death was peritonitis, and this 
impression was corroborated at necropsy. Distant metastatic growths were not 
found. J 


In the last two )’ears one of us (Dr. Dixon) has carried out eight 
operations of this sort for growths in the lower part of the sigmoid 
flexure ; seven of the patients recovered. Was the presence of long- 
standing chronic ulcerative colitis a factor which enhanced the develop- 
ment of peritonitis? To any one who has carried out abdominal 
operations on patients suffering from chronic ulcerative colitis it is appar- 
ent that fulminating peritoneal infection is not uncommon, and even 
though in the case in point there had been marked symptomatic lelief 
from colitis, it seems possible that some residual infection still remained 
in the wall of the bowel. 

Intraperitoneal vaccination carried out preoperatively has reduced 
the mortality rate from peritonitis appreciably. If peritonitis develops, 
however, it is usually of an overwhelming type, as it was in tins case, 
and the causative organism is usually a s<repfpcpca.is. _ 
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comment 

So fat, no satisfactory treatment for diffuse coionic carcinomatosis, 
such as was present in cases 3, 9, 20 and 22, is at hand, nor have we 
any satisfactory treatment for the higher grades of carcinoma associated 
v itli tin’s form of colitis. However, for localized, relatively early car- 
cinoma of grades 1 and 2, in cases in which colitis is under fair control, 
radical extirpation of the diseased colon with the carcinoma offers the 
patient a good chance of recovery. 

It should be stated that in cases 24 and 25 polypoid excrescences in 
the rectum were fulgurated when the colitis was under control, and this 
treatment alone has been adequate so far, since the small carcinomas 
have not recurred. This suggests the importance of prompt procto- 
scopic observation with any change in symptoms. It also emphasizes 
the importance of grading specimens removed for biopsy. These two 
specimens were the only ones in the series recorded as showing malig- 
nancy of grade 1. 

One is again confronted, and in a most dramatic manner, with the 
hopelessness, in all probability, of rapidly developing carcinoma among 
younger persons. In general, in these cases the younger the patient, 
the more likely it is that the disease will be of the fulminating type 
and the carcinoma multiple and of a high grade of malignancy. 

An attempt to resect the growth locally when active, or even quiescent, 
colitis :is present seems futile. It seems best to resect the entire section 
of the colon involved by colitis and containing one or more carcinomas. 
It seems more than accidental that the five surviving patients Had ade- 
quate treatment with specific antibody solution (concentrated serum) or 
vaccine prepared from the diplostreptococci of chronic ulcerative colitis, 
or both, prior to any attempted surgical procedure and that in each case 
the active stage of colitis was under control when surgical intervention 
was undertaken. Contrasted with this, only seven of the twenty-two 
patients who died were given serum or vaccine, and only three of them 
to the point of control of symptoms. We gained the impiession, 
through close observation, that in these three cases as healing took place 
the factor responsible for the healing lost control and the mucosa giew 
wildly as new hyperplastic tissue. 



HEPATIC FUNCTION 

HI. THE EFFECT OF CHOLECYSTECTOMY ON HEPATIC FCNCTlON 

A. CAXTAROW, M.D. 
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AND 

G. RICCHIUTI. M.D. 

PHILADELPHIA 

Considerable attention lias been directed toward the morphologic 
changes which occur in the biliary system following surgical removal of 
the gallbladder. There are. however, practically no data available 
regarding the effect of cholecystectomy on the functional efficiency of 
the liver. At first it seems improbable that mere removal of the gall- 
bladder should exert any deleterious effect on hepatic function. How- 
ever, every surgeon of experience in this field has encountered instances 
of serious postoperative morbidity and even death following simple 
cholecystectomy in patients who were apparently in good condition 
before operation. A variety of factors are involved in the production 
of many of these postoperative calamities, e. g.. anesthesia, undetected 
hepatic damage, renal complications, operative trauma and shock. In 
certain cases, however, the most careful preoperative study fails to- reveal 
any significant hepatic or renal functional impairment ; cholecystectomy 
is performed with no undue trauma ; anesthesia, general, spinal or local, 
is apparently free from untoward effects, and still the patient promptly 
shows evidence of profound functional disturbance, particularly of the 
liver and kidneys, and may die within a few days after operation. 

In an attempt to investigate the pathogenesis of these postoperative 
phenomena we have been studying patients with disease of the biliary 
tract before, and at frequent intervals after, operation. In the present 
report we shall review our observations with regard to the concentration 
of serum bilirubin and the retention of bromsulphalein in a series of 
sixty patients with cholecystitis, without clinical jaundice, on whom 
simple cholecystectomy was performed. 

EXPERIMENTAL DATA 

As stated earlier, no patient in this series was clinically jaundiced ; 
gallstones, when present, were confined to the gallbladder. Simple 
cholecystectomy was performed in each case with the patient under 
nitrogen monoxide and ether, infiltration or spinal anesthesia. In no 
case was th e common duct manipulated or other operative procedure car- 

From the Laboratory or Biochemistry, Jefferson Hospital. 
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ried out. All the patients were in good clinical condition before and 
during operation, and there were no fatalities. 

The serum bilirubin was determined by the quantitative van den 
Bergh procedure as modified by Thannhauser and Andersen. As stated 
in a previous report, 1 the normal range of serum bilirubin, according to 
our experience, is from 0.1 to 1 mg. per hundred cubic centimeters; in 
about 50 per cent of the persons the serum bilirubin falls below 0.5 mg., 

Table 1. — Data for Patients Showing No Preoperative Hyperbilirubinemia or 

Retention of Dye 


Patient 


Serum Bilirubin, Retention of Dye, 

Mg. per 100 Cc. Percentage 


Before After Before After 


L. F. ... 

A. J 

A. An. . 
E. Ti. .. 
L. C. ... 

I. B. ... 
T. Y. ... 
A. .S. ... 
E. Lc. .. 
A. Ab. . 

E. Lei. . 

J. D. ... 
51. 51. .. 
51. G. .. 
T. 51. . . 
H. McA 
,T. C. ... 

F. H, ... 
A. 51. .. 

A. DeC. 
S. S. ... 

B. Z. ... 

R. H. .. 
51. R. .. 
•T. R. ... 
51. K. . . 

S. B. ... 
A. Ca. . 
S. V. ... 
L. V. ... 
51. Sm. . 

C. W. .. 
51. Sh. . 
5f. H. .. 
S. B. ... 
L. C. ... 
S. R. ... 
C. 5f. . . . 
51. 51. ... 

A. K 

C. C 


OAO 

0.70 

0 

0 

o.ro 

0.00 

0 

10 

1.00 

0.00 

0 

0 

0.40 

0.20 

0 

0 

0.02 

O.SO 

0 

0 

o.so 

1.30 

0 

0 

0.72 

O.SO 

0 

0 

0.70 

1.10 

0 

10 

0.S5 

1.20 

0 

0 

O.SO 

1.20 

0 

10 

0.05 

0.S4 

0 

0 

0.57 

0.74 

0 

0 

0.00 

0.90 

0 

10 

0.72 

O.OS 

0 

0 

0.4S 

0.72 

0 

0 

0.4S 

0.75 

0 

10 

0.37 

0.02 

0 

0 

0.02 

0.00 

0 

20 

0.30 

0.04 

0 

0 

O.GO 

1.20 

0 

10 

0.72 

0.74 

0 

10 

0.52 

1.09 

0 

20 

0.55 

0.30 

0 

30 

0.70 

1.40 

0 

0 

0.52 

1.10 

0 

25 

0.41 

0.70 

0 

10 

0.32 

0.40 

0 

20 

0.50 

0.50 

0 

15 

0.05 

0.00 

0 

0 

O.SO 

0.42 

0 

0 

o.os 

0.32 

0 

0 

0.50 

1.0S 

0 

0 

0.40 

0.00 

0 

0 

0.39 

0.52 

0 

0 

0.35 

0.05 

0 

0 

0.11 

0.12 

0 

0 

0.30 

O.GO 

0 

20 

0.70 

0.00 

0 

no 

0.43 

0.23 

0 

0 

O.SO 

0.30 

0 

0 

O.OS 

0.40 

0 

0 


and in about 95 per cent it fell below 0.8 mg. Bronisulphthalein was 
administered in the dosage of 2 mg. per kilogram of body weight, the 
degree of retention being determined at the end of thirty minutes. 

Several studies were made in the majority of instances; the two 
figures reported here are those obtained within twenty-four hours 
before and twenty-four hours after cholecystectomy. No morphine was 
administered to any patient in this series between the time of operation 
and the reported postoperative observations. 

1. Cantarow, A.: Hepatic Function: I. Noncalculous and Calculous Chole 
cystitis, Arch. Int. Med. 54:540 (Oct.) 1934. 
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lu order to simplify the analysis of the experimental data, the 
patients may be divided into several groups in accordance with observa- 
tions made before operation. 

Patients with No Preoperative Hyperbilirubinemia or Retention of 

Dye, There were forty-one patients who before operation showed 

neither hyperbilirubinemia nor retention of bromsulphalein after thirty 
minutes. The detailed findings arc presented in table 1. A significant 
increase in the concentration of serum bilirubin twenty-four hours after 

Table 2 .—Data for Patients Showing Preoperative Hyperbilirubinemia nr 

Retention oj Dye 


Serum lilllrubln, 

lb'tenllo!) of D.ve, 

Mg. per 100 Cc. 

Percentage. 

i ' s 



Patient 

Before 

After 

Before 

Mu- 

M. R 

2.00 

i.r.o 

10 

10 

K. M 

0.05 

0,70 

5 

0 

31. C 

0.00 

1.40 

r> 

10 

E. F 


1.00 

10 

20 

P.S 

0.10 

o.s:> 


35 

31. P 


o/.e 

5 

20 

J. A 

0.S0 

0.f£ 

25 

CO 

J. 31 


o.rr» 

r> 

0 

T. C 

2.40 

0.00 

0 

0 

E. T 

0.S0 

0.40 

100 

.» 

F. G 


0,30 

0 

10 

M. L 

1.10 

0,3? 

0 

10 

J. R 

1.10 

2.24 

0 

i:, 

T. F 

1.30 

1,2*1 

15 

0 

A. Cu 

0.44 

3.70 

."> 

CO 

E. A 


0.10 

0 

0 

E. M 

O OJ 

0.03 

45 


SI. L 

2.40 

3.G0 

15 


J. H 


0.02 

u 

10 


Table 3. — Summary of Data for 

Patients with No Prcopcrnlk'c Retention oj Dye 


Serum Bilirubin 

P 


Retention of Dye 

Before, 
Slg. per 
Cases 100 Ce. 

Alter, 
Jig. per 
100 Ce. 

Increased 

Decreased 

' ^ 

Bclorc Alter Increased 

40 0.11-2.40 

0.12-2.21 

27 (00%) 

13 (28%) 

0 0-30 10 («%) 


cholecystectomy occurred in twenty-six cases (63.4 per cent), the value 
being above the upper limit of normal (1 mg.) in nine instances (21.9 
per cent). An abnormal degree of retention of dye (from 10 to 50 

per cent) was noted twenty-four hours after operation in sixteen cases 
(39 per cent). 

There was no apparent relation between the postoperative increase 
m serum bilirubin and the retention of dye. Of the sixteen patients in 
whom retention of dye occurred, two showed decrease in the concentra 
bon of serum bilirubin (R. H. and C. M„ table 1). Furthermore these 
two Patients exhibited the most marked degree of retention of dye 
observed in this group (30 and 50 per cent). In five instances reten 
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tion of dye was accompanied by no significant alteration in the degree 
of bilirubinemia. 

Patients with Preoperative Hyperbilirubinemia or Retention of Dye. 

T. hei e wci e nineteen patients who showed some degree of either 
hyperbilirubinemia or retention of dye before operation. The detailed 
findings are presented in table 2. Since the significant findings in this 
group will be referred to later, it is not necessary to review them at this 
point ; we merely point out again the apparent lack of consistent cor- 
relation between the degree of bilirubinemia and the retention of dye. 

Table 4. — Summary of Data for Patients with Preoperative Retention of Dye 


Scrum Bilirubin Retention of Dye 

A — 


Case? 

Before, 
Mg. per 
100 Cc. 

After, 
Mg. per 
100 Cc. 

Increased 

Decreased 

Before 

After 

Increased Decreased 

14 

0.44-2.40 

0.40-3.70 

S (57%) 

4 (2S%> 

5-100 

0.55 

8 (57%) 2 (36%) 

Table 5.- 

-Summary of Data for Patients zvith A r o Preoperative 

Hyperbilirubinemia 



Serum Bilirubin 



Retention of Dye 

Cases 

r 

Before, 
Mg. per 
100 Cc. 

After, 
Mg. per 
100 Cc. 

Increased 

Decreased 

Before 

After 

Increased Decreased 

51 

0 . 11 - 1.00 

0.12-3.70 

33 (00%) 

10 (20%) 

0-100 

0-50 

23 (45%) 3 (G%) 

Table 6.- 

— Summary of Data for Patients zvith Preoperative Hyperbilirubinemia 



Serum Bilirubin 



Retention of Dye 

Cases 

Before, 
Mg. per 
100 Cc. 

After, 
Mg. per 
100 Cc. 

Increased 

Decreased 

Before 

After 

Increased Decreased 

9 

1.10-2.40 

0.50-3.00 

2 (22%) 

7 (7S%) 

0-45 

0-55 

4 (44%) 2 (22%) 


Patients with No Preoperative Retention of Dye. — There were forty- 
six patients with no retention of bromsulphalein before operation. The 
detailed findings in this group are presented in table 3. It will be noted 
that a postoperative increase in bilirubinemia occurred in twenty-seven 
cases (60 per cent) and retention of dye in nineteen cases (41 per cent). 

Patients with Preoperative Retention of Dye. — There were fourteen 
patients in whom retention of dye (from 5 to 100 per cent) was present 
before operation. The detailed findings are presented in table 4. A 
postoperative increase in the bilirubin content of the blood occurred in 
eight cases (57 per cent) ; an increase in the degree of retention of dye 
in eight cases (57 per cent), and a decrease in the retention of dye 
in five cases (36 per cent). 
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Patients with No Preoperative Hyperbilirubinemia. — There were 
fifty-one patients in whom the concentration of scrum bilirubin was 
within normal limits before operation. The detailed findings are pre- 
sented in table 5. The concentration of serum bilirubin increased fol- 
lowing operation in thirty-three cases (66 per cent), and the degree 
of retention of dye increased in twenty-three cases (45 per cent) and 
decreased in three cases (6 per cent). 

Patients with Preoperative Hyperbilirubinemia. — There were nine 
patients with preoperative hyperbilirubinemia. '1 he detailed findings 
are presented in table 6. A postoperative increase in the concentration 
of serum bilirubin occurred in two (22 per cent), and a decrease in seven 
(78 per cent) ; a postoperative increase in the degree of retention of dye 
occurred in four cases (44 per cent), and a decrease in two (22 per 
cent) . 

COMMENT 

As was stated earlier, hyperbilirubinemia and retention of bromsul- 
phalein eventually disappeared in every case in this series, although in 
some instances one or the other persisted for as long as four days. 
Retention of dye usually persisted longer than hyperbilirubinemia in 
cases in which both were present twenty-four hours after operation. 

The question naturally arises as to why even temporary impairment 
of the excretory function of the liver should occur following cholecvs- 
tectomy. The possible influence of anesthesia is obviously of importance. 
Chloroform was not employed for any patient in this group, nor was 
avertin, which, according to Bourne and Raginsky, 2 may cause increased 
retention of bromsulphalein in the presence of hepatic damage. There 
seems to be little doubt that ether has a distinct effect on certain hepatic 
functions. A moderate diminution in the glycogen content of the liver 
following ether anesthesia was reported by Evans, Tsai and Young 2 and 
by Macleod and Pearce. 1 A rise in venous blood sugar during and 
after the administration of ether has been demonstrated by a number 
of investigators, including Mekie and Miller, 5 6 Mackay,® Ross and Davis, 7 


2. Bourne, \V., and Raginsky, B. B. : Effect of Avertin upon the Normal and 
Impaired Liver, Am. J. Surg. 14:653, 1931. 

3. Evans, C. L.; Tsai, C., and Young, F. G.: The Behavior of Liver Gly- 
cogen in Experimental Animals, J. Physiol. 73:67, 1931. 


4. Macleod, J. J. R„ and Pearce, R. G.: Studies in Experimental Glycosuria- 

VI. The Distribution of Glycogen Over the Liver Under Various Conditions Am’ 
J. Physiol. 27:341, 1911. ’ 

5. Mekie, E„ and Miller, H.: Effects of Anesthesia, Operation and Certain 
Other Factors on Glycemia, Brit. M. J. 1:244, 1929. 

6. Mackay, R. L. : Atypical Case of Hyperglycemia in General Anesthesia 

Brit. M. J. 1:892, 1928. ^nestnesia, 

7. Ross, E. L., and Davis, L. H. : The Role of the Pancreas In i 

cemia from Ether, Am. J. Phj-siol, 53:391, 1920. y ^ e g y ~ 



870 


ARCHIVES OF SURGERY 


Mahlci s and Cantarow and Gehret.” This ether hyperglycemia is gen- 
et ally attributed to increased hepatic glvcogenolysis. 

Although the importance of tlie liejoatic glycogen content to the 
maintenance of hepatic function and to the capacity of the liver for 
resisting injury is well recognized, the metabolic functions of the liver, 
glycogenosis and glycogcnolysis, at ieast ? are more seriously affected by 
ethet than are its excretory functions. In marked contrast to their 
observations following the administration of chloroform, Rosenthal and 
Bourne 10 noted only slight and transient retention of bromsulphalein 
following ether anesthesia for periods of from one-half to two hours. 
I he average retention in the latter instance was 14 per cent (fifteen 
minute retention), normal values being invariably obtained within 
twenty-four hours. On the other hand, Rathery and Saison 11 reported 
degenerative hepatic lesions following prolonged ether anesthesia in 
animals, and in thirty-eight cases Chevrier 12 noted hyperbilirubinemia, 
which was greater in degree but much more transient than that follow- 
ing the administration of chloroform. Quenu, Duval and Brule 13 also 
reported the presence of urobilinuria in several cases. However, the 
observations of the French investigators are not corroborated by those 
of the majority of workers in this field and are not in accord with our 
experimental and clinical findings. Ether appears to exert a distinct 
effect on the flow of bile, to which reference will be made later. 

The work of Rosenthal and Bourne 10 indicated that nitrogen monox- 
ide in the quantities administered to patients in this series produces no 
demonstrable impairment of hepatic function. Although the preopera- 
tive administration of morphine may cause transitory retention of 
bromsulphalein this effect, as demonstrated by Rosenthal and 
Bourne 10 and as observed by us, invariably disappears within from 
twelve to twenty-four hours. No such effect has been noted following 
anesthesia produced by infiltration of procaine hydrochloride or spinal 
anesthesia. It appears, therefore, that so far as direct hepatotoxic action 

8. Mahler, A.: Blood Cholesterol During Ether Anesthesia, J. Biol. Chem. 
€9:653, 1926. 

9 . Cantarow, A., and Gehret, A. M.: Ether Hyperglycemia, with Especial 
Reference to Hepatic Disease, J. A. M. A. 96:939 (March 21) 1931. 

10. Rosenthal, S. M., and Bourne, W. : Effect of Anesthetics on Hepatic Func- 
tion, J. A. M. A. 90:377 (Feb. 4) 1928. 

11. Rather, F., and Saison, M. : Influence nocive de Tether en inhalation sur 
le foie et le rein, Tribuna med. 43:245, 1910. 

12. Chevrier, L. : Etudes sur la cholemie post-anesthesique et sur les nioyens 
de la modifier, Bull, et mem. Soc. de chir. de Paris 45 : / 35, 1919. 

13. Quenu, E. ; Duval, P., and Brule, M. : Etudes sur la cholemie, P ost ; a " cs ( 
thesique et sur les moyens de la modifier. Bull, et mem. Soc. de chir. de Paris 
833, 1919. 
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is concerned, anesthesia played a relatively unimptn taut p.ut in tlu 
production of the observed postoi>erative changes in hiiiruhineinia and 
excretion of dvc. This is further home out by the fact that time was 
no correlation between the type or duration of anesthesia and eilhet 
the incidence or the .severity of the postoperative changes. 

Several observers have described the eiicets of cholecystectomy on 
the flow of bile. The work of Rous and McMastcr," McMaster and 
Elman ir ' and many others during the past thirteen years indicates that 
the chief demonstrable functions of the gallbladder arc the concentration 
and storage of bile. By virtue of these functions the relatively large 
volume of bile which is being excreted continually by the liver is dimin- 
ished (to one-sixth or one-eleventh its original volume), and the con- 
tinuous flow from the liver is converted into an intermittent flow into 
the duodenum in accordance with physiologic demands for the presence 
of bile in the digestive mixture. One would expect removal of the gall- 
bladder to result in well defined changes in the flow of bile. The 
influence of ether anesthesia in this connection cannot he disregarded. 
Mann 10 showed that the flow of bile was distinctly diminished in dogs 
during ether anesthesia, although no changes could he demonstrated in 
the liver. McMaster, Broun and Rous 17 confirmed this observation, 
noting in addition that the bile was highly concentrated and deeply 
pigmented, which would cast doubt on the probability' of the existence 
of marked hepatic functional impairment, at least so far as the excretion 
of bile pigment is concerned. Diminution in, or at times complete cessa- 
tion of, bile flow during operations on the bile passages under ether 
anesthesia has been noted, among others, by Nielson and Meyer , 18 
Wertheimer 10 and Hooper and Whipple . 20 

As stated earlier, McMaster, Broun and Rous 17 found that during 
the first few days after cholecystectomy and intubation of the common 
duct the bile flow was almost invariably scanty, syrupy in consistency 


14. Rous, P., and McMaster, P. D. : The Concentrating Activity of the Gall- 
bladder, J. Exper. Med. 34:47 (July) 1921. 

15. McMaster, P. D., and Elman, R.: Studies on Urobilin: Phvsiolocv and 
Pathology, J. Exper. Med. 41:513, 1925. 

16. Mann, F. C.: Investigations of the Relation of Anesthesia to Hepatic 

Function, Anesth. & Analg. 4:107, 1925. 1 

17. McMaster, P. D.; Broun, G. O., and Rous, P. : Studies on the Total Bile ■ 

I, J. Exper. Med. 37:395, 1923. ' 

18 Nielson, N. M„ and Meyer, K. F. : The Reaction and Physiology of the 

510 Say-Tun? igT ° f Var5 ° US ™ Mr «*** Anfma,s ’ J* *** D*. 28: 

Phy^oL^norm.'^t r path. : 4 : 577, * * bile, Arch. 

Pigment Outp’ufand Die^sTudies^Am.' f. Physiol . ^40: 33’ L ^ 
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and deeply pigmented. Not until after from three to seven or more days 
did the volume of the flow reach the quantity yielded during the suc- 
ceeding weeks. McMaster attributed this phenomenon largely to the 
effect of the operation on the liver, although the low intake of food may 
have been a contributory factor. By direct observation Puestow 21 found 
that cholecystectomy has a definite and constant effect on the flow of 
bile into the duodenum. Whereas with the gallbladder intact there is 
no flow into the intestine during fasting, in the cholecystectomized 
animal there is a constant flow under low pressure, the orifice of the 
common duct being almost always open. Furthermore, in the absence 
of the gallbladder, the stimulating influence of food on the flow of bile 
was found to be almost absent during the period before physiologic 
compensation was established. It is probable also that this abnormal, 
almost continuous flow of small quantities of bile into the duodenum 
further diminishes the stimulus to secretion of bile by the liver, which 
is normally supplied by reabsorption of relatively large quantities of 
bile acids periodically discharged into the duodenum. 

Under normal conditions the quantity of bile pigment excreted by 
the liver in twenty-four hours is remarkably constant. The studies of 
Greene and Snell 22 indicated that the liver is normally able to secrete 
bile of a widely varying concentration of bilirubin (from 20 to 1,000 
mg.). They stated that increased excretion of bilirubin in the bile is 
brought about primarily by an increase in the concentration of the pig- 
ment, although when excessive amounts are present there may be an 
additional increase in the volume of the output. Comparatively little is 
known regarding the factors which determine the elimination of bilirubin 
in the presence of hepatic disease. However, we have at hand experi- 
mental evidence which, with clinical observations, suggests that in the 
presence of functional impairment the liver, just like the kidney, loses its 
power of concentration, and, as in renal disease, the required quantity 
of solids can be excreted only by increasing the volume of fluid elimin- 
ated simultaneously. Choleresis in hepatic disease, therefore, may be 
regarded as an effort to compensate for diminution in the concentrating 
power of the liver, being analogous to the polyuria of early renal func- 
tional impairment in chronic glomerulonephritis. Under such circum- 
stances any factor which tends to diminish the volume of bile would 
increase the tendency toward retention in the blood of those substances 
which can no longer be excreted in high concentration. Among these are 
bilirubin and perhaps bromsulphalein. 

2L~P^tow, C. B.: The Discharge of Bile into the Duodenum: An Experi- 
mental Study, Arch. Surg. 23:1013 (Dec.) 1931. . 

22. Greene, C. H., and Snell, A. M.: Studies in the Metabolism of the Bile: 

II. The Sequence of Changes in the Blood and Bile Following the Intravenous 
Injection of Bile or Its Constituents, J. Biol. Chem. 78:691, 1928. 



CANTAROIV ET AL.-UEPAT1C FUNCTION 

In the light of previous studies reported by one of us,*" as well as by 
Judd, 24 Graham and his associates, 25 Tietze and Winkler - c and many 
"others, it is probable that some diminution in the hepatic functional 
reserve, if not actual organic hepatic disease, is present in a large propor- 
tion of persons with chronic disease of the biliary tract. When in the 
presence of diminution in the concentrating ability of the liver chole- 
cystectomy is performed, increased retention of bilirubin and bromsul- 
phalein may conceivably result from the sudden consequent diminution 
in the volume of the flow of bile. 

Naturally, in addition to the nature and duration of the anesthesia, 
such factors as the preoperative state of hepatic function and the extent 
of operative manipulation are of importance in determining the degree 
of postoperative hepatic functional impairment. However, analysis of 
the data obtained in the present series of cases reveals no consistent 

Table 7. — Summary of Data for Patients with Patent Cystic Duct 


Retention of Dye Scrum Bilirubin 

Cases Increased Decreased Increased Decreased 

34 23 (73%) 0 27 (79%) 4 (J 2%) 


Table 8. — Summary of Data for Patients with Nonpntcvt Cystic Duct 



Retention ot Dye 

Serum Bilirubin 

Cases 

Increased Decreased 

Increased 

. . . i . \ 

Decreased 

20 

2(17%) 5(10%) 

8 (31%) 

13 (50%) 


relationship between these factors and the postoperative functional 
changes. The factor which appeared to be of significance in this con- 
nection was that of obstruction of the cystic duct, as demonstrated by 
cholecystography or at operation. The detailed data bearing on this 
point are presented in tables 7 and 8. It will be noted that cholecystec- 


23. Cantarow, A. : The van den Bergh Reaction and the Bromsulphalein Test 
in the Estimation of Hepatic Functional Impairment, Am. J. It. Sc. 184:228 193?- 
footnote 1. ’ 


24. Judd, E. S. : Relation of the Liver and the Pancreas to Infection of the 

Gallbladder, J. A. M. A. 77:197 (July 16) 1921. Judd, E. S. ; Nickel, A. C. and 
Wellbrock, W. L. A. : The Association of the Liver in Disease of ’the Biliary 
Tract, Surg., Gynec. & Obst. 54:13, 1932. ^ 

25. Graham, E. A.: Hepatitis; a Constant Accompaniment of Cholecystitis 
Surg., Gynec. & Obst. 26:521, 1918. Peterman, M. G ; Priest W S Jr and 
Graham, E. A.: Association of Hepatitis with Experimental Cholecystitis and Its 
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tomy was followed by an increase in the degree of retention of dye in 
twenty-five (73 per cent) of the thirty-four patients in whom the cystic 
duct was patent, as compared with two (17 per cent) of the twenty-six 
patients in whom the cystic duct was not patent. Increased bilirubinemia 
was observed in 79 per cent of the former group as compared with 31 
per cent of the latter. 

The probable explanation for this difference appears rather obvious. 
In persons with obstruction of the cystic duct, the biliary passages had 
been completely deprived of the functional activity of the gallbladder for 
some time prior to its removal ; compensatory changes had occurred, as 
described by P ties tow,- 1 and cholecystectomy resulted in practically no 
further disturbance in the flow of bile. In patients with a patent cystic 
duct, the gallbladder, although not functioning normally, nevertheless 
carried a variable portion of the burden which, following its removal, 
was suddenly thrown on the hepatic and common ducts. This resulted 
in changes qualitatively if not quantitatively comparable to those which 
follow experimental cholecystectomy, as reviewed earlier. 

SUMMARY 

Determinations of serum bilirubin and retention of bromsulphalein 
were made before and after cholecystectomy in sixty patients with chole- 
cystitis without obstruction of the common bile duct. 

A temporary increase in serum bilirubin occurred in twenty-six 
(63.4 per cent) of forty-one patients with apparently normal preopera- 
tive hepatic function. Postoperative retention of dye was noted in 
sixteen (39 per cent) patients in this group. 

Increased bilirubinemia occurred in nine (47.3 per cent) and 
increased retention of dye in eleven (57.9 per cent) of nineteen patients 
who showed some degree of hyperbilirubinemia or of retention of dye 
before operation. 

This temporary postoperative impairment of hepatic excretory func- 
tion bore no constant relation to the nature or duration of anesthesia or 
to the preoperative state of hepatic function in this group of patients. 

It is believed to be dependent probably on the decrease in the volume 
of the flow of bile which follows cholecystectomy and which interfeies 
with the mechanism whereby a damaged liver compensates for impair- 
ment in its ability to concentrate certain solid constituents of the bile. 

Patency or occlusion of the cystic duct appeared to be of significance 
in determining the occurrence of these postoperative functional abnoi- 
malities. Increased retention of dye occurred in 73 per cent and 
increased bilirubinemia in 79 per cent of the patients with patent cj-stic 
ducts, whereas the corresponding figures for the group with obstruction 
of the cystic duct were 17 and 31 per cent. 



EFFECT OF JEJUNAL FEEDING ON GASIRIC 

ACIDITY 
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In recent years jejunal feeding lias been recommended for the 
treatment of complicated peptic ulcer. Occasionally at operation for 
ulcer the inflammatory reaction is found to be so intense as to make any 
extensive surgical procedure unsafe. Some patients have undergone 
jejunostomy as a palliative measure to maintain them until a more 
extensive operation could be performed and under such management 
have improved clinically. Another method of treatment has been to 
pass a long catheter through the nose or mouth down to the jejunum 
and to feed the patient through the tube for a period of from four to 
six weeks. Patients who had not improved with other forms of treat- 
ment were said to have improved under this management. Since the 
acid secretion of the stomach is so intimately concerned with the treat- 
ment of peptic ulcer, any method of lowering this secretion would be 
of some value in the treatment of ulcer. Jejunal feeding is said to 
lower the acidity of the gastric content. Accordingly, the present experi- 
mental study was undertaken to see what effect feeding through a jejunal 
fistula would have on the reaction of the gastric content. 

There are three stimuli which can cause the gastric mucosa to secrete : 
(1) the sight, smell or taste of food, (2) the presence of certain foods 
in the stomach and (3) the presence of certain food substances in the 
intestine. It is with the third mechanism that the research reported here 
was primarily concerned. 

Pavlov 1 noted an intestinal phase of gastric secretion. He found 
that the introduction of food substances into the duodenum was followed 
by secretion of gastric juice. Following his observation a series of 
reports was published in which was described the stimulating effect on 
gastric secretion of each of a large variety of food substances when intro- 
duced into the intestine. Outstanding among these investigations were 
those reported by Gross, 2 Ivy and Whitlow, 3 * Chittenden, Mendel and 


An abridgment of a thesis submitted to the faculty of the Graduate School of 
the University of Minnesota in partial fulfilment of the requirements for the 
degree of Master of Science in Surgery. The work was done at the Institute of 
Experimental Medicine, the Mayo Clinic. . lnstltute of 

1. Pavlov, I. P.: The Work of the Digestive Glands, ed. 2, London, Charles 
urifhn and Company, 1910. 

2. Gross. W. : Beitrag zur Kenntnis der Sekretionsbedingungen des Matrens 

nach Versuchen am Hund, Arch. f. Verdauungskr. 12:507, 1906 S 

3. Ivv, A. C., and Whitlow, J. E. : The Gastrin Theory Put to Pw™i„ • i 

Test. Am. J. Physiol. 60:578 (May) 1922. ' * t0 Phys,0,o £>«l 
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Jackson ; 1 Edkins and Tweedy 3 and Kauders and Porges . 0 Many of 
the results reported were contradictory, but on the whole it was gen- 
erally conceded that gastric secretion was stimulated when food was 
introduced into the duodenum. Ivy and his co-workers 7 attempted to 
obtain more accurate results by carefully controlled experiments, and 
they found that some foods when introduced into the intestine stimulated 
more gastric secretion than did others. Einhorn 8 applied this knowl- 
edge clinically and treated patients who had peptic ulcer by feeding 
them through a tube introduced into the duodenum; he reported good 
results. Friedemvald and Wiest 0 also reported cases in which similar 
treatment was employed. Levy 10 performed a fractional analysis of the 
gastric content of patients who were receiving duodenal alimentation and 
found a definite rise in gastric acidity in spite of the clinical improve- 
ment. Garbat 11 obtained similar results and studied the problem in 
more detail, establishing the fact that acid gastric secretion was stimu- 
lated by the duodenal feeding of patients with peptic ulcer. 

In an attempt to prevent the stimulation of gastric secretion, 
Bockus 12 fed patients who had ulcer through a tube placed in the 
jejunum, and found that after this treatment, when the ulcer was heal- 
ing, gastric acidity was reduced. Henning 13 studied the problem in 
detail, introducing many food substances into the jejunum to determine 

4. Chittenden, R. H. ; Mendel, L. B., and Jackson, H. C. : A Further Stud}' 
on the Influence of Alcohol and Alcoholic Drinks upon Digestion, with Special 
Reference to Secretion, Am. J. Physiol. 1:164 (March) 1898. 

5. Edkins, J. S., and Tweedy, M. : The Natural Channels of Absorption 
Evoking the Chemical Mechanism of Gastric Secretion, J. Physiol. 38:263 
(March 22) 1909. 

6. Kauders, F., and Porges, O.: Der Einfluss des Duodenalinhaltes auf die 
Magensekretion, Wien. klin. Wchnschr. 35:838 (Oct. 26) 1922. 

7. Ivy, A. C.; Lira, R. K. S., and McCarthy, J. E.: II. The Intestinal Phase 
of Gastric Secretion, Quart. J. Exper. Physiol. 15:55, 1925. Ivy, A. C., and 
Mcllvain, G. B. : Excitation of Gastric Secretion by Application of Substances 
to the Duodenal and Jejunal Mucosa, Am. J. Physiol. 67:124 (Dec.) 1923. 

8. Einhorn, M. : A Case of Perforation of the Duodenum Treated Successfully 
by Duodenal (Jejunal) Alimentation, M. Rec. 91:927 (Nov. 30) 1918; Duodenal 
Alimentation, ibid. 78:92 (July 16) 1910; Results of Duodenal Alimentation in 
Peptic Ulcers, ibid. 96:95 (July 19) 1919. 

9. Friedenwald, J., and Wiest, P. F. : Some Observations on Duodenal 
Alimentation, New York M. J. 117:655 (June 6) 1923. 

10. Levy, M. D.: The Fractional Estimation of the Gastric Contents During 
Duodenal Alimentation, Texas State J. Med. 16:483 (March) 1921. 

11. Garbat, A. L. : Gastric Secretion in Response to Duodena! Feeding, Arch. 
Int. Med. 32:771 (Nov.) 1923. 

12. Bockus, H. L. : Jejunal Alimentation in Treatment of Peptic Ulcer, J. A. 

M. A. 82:351 (Feb. 2) 1924. _ . 

13. Henning, N.: Untersuchungen fiber die duodenale und jejunale Ernahrung. 

I. Einfluss der duodenalen und jejunalen Ernahrung auf die Niichtemsckrction, 
Arch. f. Verdauungskr. 41:321 (Dec.) 1927. 
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their effects on gastric secretion, and found that tire food substances 
which stimulated gastric secretion when given by duodenum did not 
do so when given by jejunum. Later, with Morawitz," he reported 
beneficial effects of jejunal feeding through a long catheter in cases of 
peptic ulcer. Rehder , 15 Gutzeit 10 and Mouzon 11 obtained clinical 
improvement in cases of ulcer by means of jejunal feeding. 

Jejunostomy for jejunal feeding in cases of complicated peptic ulcer 
has been recommended by many authors. Outstanding among them 
were Heyd , 18 Walker 19 and Lameris . 20 They found that inoperable 
ulcers often healed completely, or at least to such an extent that radical 
operation at a subsequent date could be performed with lessened risk. 
Scott and Ivy 21 found that most diets used in jejunal feeding were suc- 
cessful if used only for a few weeks. After this time most foods proved 
to be irritating to the small intestine. Accordingly, they prepared a diet 
which lowered gastric secretion when fed by jejunum and which could 
be administered over long periods to dogs without any evidence of irri- 
tation. Mensing 22 gave this diet through a jejunostomy tube to his 
patients who had ulcer and obtained good clinical results. 


METHOD OF PROCEDURE 

In this study an attempt was made to determine what effect jejunal feeding 
would have on the secretory activity of the stomach. Gastric and jejunal fistulas 
were made in dogs, the intestinal loop type of fistula as described by Mann and Boll- 
man being used. 23 The jejunal fistulas were placed approximately from 10 to 20 cm. 
from the ligament of Treitz. All of the operations were performed with the 
animals under ether anesthesia, and a sterile technic was employed. 


14. Morawitz, P„ and Henning, N. : Ueber jejunale Ernahrung, Klin. Wchn- 
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zufuhr, Ztschr. f. d. ges. exper. Med. 73:48, 1930; Ueber die therapeutiseben 
Erfolge der duodenalen bzw. jejunalen Ernahrung bei Magenkranken, Miinchen. 
med. Wchnschr. 77:446 (March 14) 1930. 
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23. Mann, F. C., and Bollman, J. L. : A MefhnH fr,r vr -,1 .• „ .. , 

Fistula at Any Level of the Gastro-Intestinal Tract, Ann. Surg 93 -/M (Mzrch) 



878 


ARCHIVES OF SURGERY 


The routine established in making observations was as follows : 

1. Each dog was given a mixture of milk and syrup (10 per cent syrup in 
the whole milk) by mouth three times daily in sufficient amount to supply the 
necessary fluid and caloric requirement. Specimens of gastric content were with- 
drawn every hour for a period of eight hours. The pn, free acidity and total 
acidity were determined. The pn value of the gastric juice was obtained by the 
quinhydronc method, and the titrations for the acid values were made with a tenth- 
normal solution of sodium hydroxide, 1 per cent phenolphthalein and a 0.5 per 
cent alcoholic solution of dimcthyl-amino-azobenzene being used as indicators. A 
rough measure of the amount of secretion was also noted. The mixture of milk 
and syrup was selected because it was always available, being used as a routine 
for postoperative feeding, and because the dogs had maintained their weight and 
general condition when fed this mixture over a period of several months. When 
constant readings were obtained, the mixture was fed by jejunum three times 
daily, and following this it was again given by mouth as a check on the first set 
of readings. The dogs were made to fast for at least eighteen hours before each set 
of experiments. 

2. The dogs were then given five feedings daily by mouth, then by jejunum, 
and then again by mouth, as before. The total number of cubic centimeters of 
milk and syrup used was the same for each dog per day. 

3. In order to determine whether or not an intestinal fistula connected with the 
stomach would have any effect on the gastric p n and acidity, three dogs were used 
which had no gastric fistula but only an intestinal fistula, the specimens of gastric 
juice being withdrawn by means of a stomach tube. Two dogs which had only a 
duodenal fistula were used for a study of the pn of the duodenal content following 
feeding of the same mixture of milk and syrup three and five times daily. 

4. In order to determine whether or not some of the secretion was due to 
psychic stimulation, although great care was exercised in all experiments to prevent 
this, two dogs were given sodium amytal by jejunum in doses sufficient to produce 
sleep, and determinations were made as before. 

5. Some of the simpler food substances were tested to determine whether or 
not a nonstimulating food could be found. The dogs fasted, then the individual 
food substances were given by jejunum, gastric juice was withdrawn at intervals 
of half an hour for from three to four hours, and the usual determinations were 
made. At least two dogs were used for each food substance tested, and readings 
were obtained for at least two days. The following substances were used : casein, 

2 Gm. per kilogram ; butter, 1 Gm. per kilogram ; cream, 3 cc. per kilogram ; cot- 
tonseed oil, 3 cc. per kilogram ; sucrose, 2 Gm. per kilogram ; dextrose, 2 Gm. per 
kilogram ; flour, 2 Gm. per kilogram ; eggs, approximately one per 10 kilograms ; 
peptone, 2 Gm. per kilogram; Liebig’s meat extract, 1 Gm. per kilogram; glycine, 

1 Gm. per kilogram, and the special diet devised by Ivy. 

RESULTS 

Amount of Secretion . — In general, more secretion was withdrawn 
from the stomach when the milk was fed by jejunum than when it was 
fed by mouth. In the two dogs which had only a jejunal fistula and 
from which the gastric content was withdrawn by stomach tube, there 
was no appreciable difference in the amount of secretion obtained 
whether they were fed by mouth or by jejunum, probably because the 
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stomach tube was less efficient than the catheter inserted through a 
fistula in withdrawing the gastric content. Furthermore, there was a 
greater amount of secretion when five feedings were given daily than 
when only three feedings were given, even though the total number of 
cubic centimeters of the milk mixture was the same in each case. 

Hydrogen Ion Concentration of the Gastric Content. Lowei values 
for the p H of the gastric content were obtained with jejunal feedings 
than with oral feedings, and these values were appreciably lower when 
five feedings were given daily than when three feedings were given daily. 

Free Acidity of the Gastric Content.— There was little or no free 
acid in the gastric content with oral feeding, but a moderate amount was 
present with jejunal feeding. Occasionally the free acidity reached a 
high level. Moreover, the free acidity reached a higher level when five 
feedings were given daily than when three feedings were given daily. 


Average Maximal Acidity of the Gastric Content Following the Jejunal Feeding 
of Various Food Substances 


Food Substance Used 

pu 

Free Acid* 

Total Acid' 

Qn/tfACn 

5.91 

2.5 

13 


5.14 

2.5 

25 


4.G8 

4.0 

h 

Flour 

4.77 

r>.n 

20 

Eggs 


5.0 

22 

Dextrose 

5.31 

7.5 


n**.«*** . 

3. Cl 

8.5 

42 


4.3S 

9.0 

41 



3.9S 

1C.0 


Cottonseed oil 

3.33 

1G.0 


Casein 

3.81 

10.0 

57 


* The method of obtaining the values is given in the text. 


Total Acidity of the Gastric Content. — The total acidity was prac- 
tically the same with oral as with jejunal feeding when three feedings a 
day were given, but with five feedings a day the value was higher with 
jejunal feeding than with oral feeding. 

Hydrogen Ion Concentration of the Duodenal Content. — In the two 
dogs with duodenal fistulas in which duodenal specimens were with- 
drawn, it was noted that the duodenal p H was higher with jejunal feed- 
ing than with oral feeding and that the p n was slightly lower with five 
feedings than with three feedings daily. 

Psychic Secretion of Gastric Juice.— It was thought that the high 
acidity of the juice obtained with, jejunal feeding might perhaps be due 
to psychic secretion, since these dogs would go for periods of four or 
five days at a time without food by mouth. In order to decide this 
point, two of the dogs were given sodium amytal by jejunum It was 
found that 18 mg. per kilogram of body weight would make the dogs 
sleep soundly. With the dogs thus anesthetized, the secretion was ju«t 
as great and the juice was just as acid as when they were awake 
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Effect of Different Food Substances. — The feeding by jejunum of 
each of the food substances, including Ivy’s preparation, was followed 
by some secretion of gastric juice. The effect of the various foods on 
gastric secretion differed markedly (table). 

COMMENT 

I lie results obtained from this investigation indicate that most foods 
when placed in the jejunum will stimulate gastric secretion. In these 
experiments it was found that during fasting the stomach secreted a 
few centimeters of thick, white mucus, with a p H of about 7, which did 
not contain any free acid and which contained only a little combined 
acid. This finding was considered to indicate that the gastric mucosa 
was not secreting. Stimulation of gastric secretion was considered to 
have occurred when the specimens began to contain free acid and the 
pn decreased. 

All the foods used in jejunal feeding appeared to stimulate gastric 
secretion, but some foods produced greater gastric acidity than others. 
Thus, feeding sucrose, peptone, butter, flour and eggs was followed by 
the production of only a small amount of acidity, while feeding cream, 
Liebig’s meat extract, cottonseed oil, casein and glycine was followed 
by the production of relatively high acidity. 

SUMMARY 

In this study an attempt was made to determine the effect of jejunal 
feeding on gastric acidity and secretion. Dogs with gastric and jejunal 
fistulas were used. It was found that a mixture of milk and syrup 
when fed by jejunum stimulated gastric secretion and increased the 
acidity of the gastric content. Greater stimulation occurred when the 
mixture was fed five times daily than when it was fed three times daily, 
even though the total number of cubic centimeters of the mixture was 
the same in each instance. The gastric content was more acid and had 
a lower p H when the mixture was fed by jejunum than when it was fed 
by mouth. The results were the same whether the specimens were 
obtained through a gastric (intestinal loop type) fistula, by means of a 
catheter and syringe or through a stomach tube from a dog with no fis- 
tula. Psychic secretion was not a factor in these experiments, as was 
shown by the results obtained when the dogs were under the influence of 
sodium amytal. A number of simpler food substances were tested, and 
were found to stimulate gastric secretion in the following order, from 
least to most: sucrose, peptone, butter, flour, eggs, dextrose, cream, 
Liebig’s extract, glycine, cottonseed oil and casein. The duodenal con- 
tent was found to be slightly more alkaline following jejunal feeding 
than following oral feeding. 



EFFECT OF ENEMAS ON INTESTINAL MOTILITY 
HJALMAR E. CARLSON, M.D. 

ST. PAUL 
ANn 

THOMAS G. ORR, M.D. 

KANSAS CITY, MO. 

Various types of enema are recommended for the relief of post- 
operative abdominal distention. The beneficial action of these enemas 
has frequently been attributed to a reflex stimulation of the small 
intestine, but proof of such action has not been found in the literature. 
That the rate of expulsion of enemas in a dog with an obstruction is 
similar to that in a normal dog has been shown by Wangensteen and 
Goelil. 1 

EXPERIMENTAL METHODS 

Kymographic tracings of the ileum and jejunum of normal dogs were taken 
before, during and after the administration of various enemas. The tracings of the 
ileum were taken through ileostomy openings which were made just before the 
experiment was begun. The tracings of the jejunum were made through recently 
prepared Thiry-Vella loops. 2 

Enemas of tap water, physiologic solution of sodium chloride, hypertonic solu- 
tion of sodium chloride, soap-suds and a mixture of magnesium sulphate, oxgall, 
glycerin and water were given. The effect of distending the colon with air was 
also studied. From 100 to 400 cc. of liquid were used in each enema. 


RESULTS 


Enemas of tap water, soap suds, physiologic solution of sodium 
chloride and a mixture of magnesium sulphate, oxgall, glycerin and 
water and injections of air did not show any effect on the motility of 
the small intestine. The only change from the normal tracings 
occurred when the enemas were being expelled, at which time strong 
contractions of the rectus muscles compressed the intestine. 

Enemas of hypertonic solution of sodium chloride in concentra- 
tions of 2, 10 and 20 per cent and saturated solution (about 36 
per cent) regularly increased peristalsis in from five to ten minutes. 
The strong solutions produced the greatest effect. The action of the 
hypertonic solution of sodium chloride may have been due to the 


From the University of Kansas School of Medicine. 

1. Wangensteen, O. W., and Goehl, R. O.: Evaluation of the Expulsion of 
1930 naS 35 3 Criten ° n ° f Intestinal 0bstru ction, Arch. Int. Med. 46:669 (Oct) 


2. Orr, T. G. : The Action of Sodium Chloride 
Ann. Surg. 94:732, 1931. 


upon the Small Intestine, 
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absorption of salt into the blood stream from the colon, since a study 
of the blood showed an increase in the chloride content in from one 
to three hours after the injection. The stronger solutions of salt 
produced severe proctitis. 

SUMMARY 

The action of simple and irritant enemas on the motility of the 
ileum and jejunum were studied experimentally by recording the con- 
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Tracings of the ileum and jejunum before and after the injection of various 
types of enema. In each instance the portion of the tracing to the left of the 
arrow is of the normal intestine before the injection and the portion to the right 
is of the intestine after the injection of the specified enema. A shows the effect 
on the ileum of the injection of an enema of 200 cc. of air by rectum , B, the c cct 
on the ileum of an enema of 200 cc. of tap water; C, the effect on the ileum of an 
enema of 200 cc. of magnesium sulphate, glycerin, oxgall and water; D, tie c cct 
on the jejunum of an enema of 400 cc. of soap-suds, and E, the effect on t ic 
jejunum of an enema of 200 cc. of a 10 per cent solution of sodium ch on e. ie 
sharp contractions noted in the first three tracings were caused b\ the muscti . 
effort to expel the enema. The enema of hypertonic solution of sodium c i ori 
caused an increase in intestinal tone and peristalsis. 
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tractions of the intestine by means of a rubber balloon before, during 
and after the enemas were given. 

No increase of motility of cither the jejunum or the ileum was 
noted except with hypertonic solutions of sodium chloride. Clinical 
experiments have not been made with enemas of hypertonic solutions 
of sodium chloride. 

The suggestion that the, enemas commonly used are active in 
» « * 
relieving abdominal distention by reflex action on the small intestine 

was not supported by this study. Enemas as usually given should be 

depended on only to aid in emptying the colon. 
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Hydronephrosis . — Lichtenberg 1 described a pathologicophysiologic 
principle which aids in differentiating the dynamic and the mechanical 
form of renal obstruction and in selecting the method of surgical treat- 
ment with more assurance and success. Testing the response of the 
pelvic and ureteral musculature to electrical stimulation at the time of 
operation will reveal whether conservative surgical therapy is indicated. 
Lichtenberg stated that a pathologicophysiologic point of view of renal 
obstruction might open up new methods in treatment in those cases in 
which surgical intervention is not necessary. 

Pelliccia 2 discussed the etiolog y of intermittent hydronephrosis in 
2 cases in which he recently had occasion to operate. Defining inter- 
mittent hydronephrosis as the phenomenon of successive attacks of 
acute and sudden retention of urine in the renal pelvis, which are fol- 
lowed within a few hours or during the course of a da}' by its complete 
outflow, with no disturbances between attacks, he maintained that the 
symptoms in such cases are distinctly different from those of common 
hydronephrosis, as are also the etiologic factors. The particular varia- 
tions of diuresis are characteristic; urine is scanty during the attack 
and abundant at its end, and although hematuria is sometimes present 
the urine is otherwise normal. 

1. Lichtenberg, A.V, : Die pathologische Physiologie der renalen Verstopfung, 
und die sich daraus ergebenden konservativ-chirurgischen Massnahmen, Acta chir. 
Scandinav. 74:283, 1934. 

2. Pelliccia, Gilberto : Due case di idronefrosi intermittent!’, Arch. ital. d> 
urol. 11:246 (April) 1934. 



SCHOLL ET AL.— REVIEW OE UR0L0G1C SURGERY 885 


The same causes that produce hydronephrosis in general may Rive 
rise to intermittent hydronephrosis, but some of these causes arc- 
observed with greater frequency in cases of the latter condition, and 
it is with these that the author is concerned. Chief among them are 
malformations, and these may he cither congenital or acquired. Among 
the former are anomalies of the renal pelvis, stenosis of the ureter, 
valvular folds, anomalous blood vessels and lesions of the nerves. 
Among acquired malformations are renal ptosis, strictures of the ureter 
and renal lithiasis. 

In the author's first case the patient was a woman 24 years of age. 
and the intermittent attacks of hydronephrosis dated from the age of 
7 years, when they had been mistaken for appendical colic. This led 
to fruitless appendectomy when the patient was 13 years of age. A 
sound introduced into the ureter by Pelliccia revealed an S-shaped 
structure, demonstrating that the ureter deviated greatly from its normal 
position, possibly because of the descent of the hydronephrotic sac, 
which reached almost down to the iliac crest. On the basis of the 
roentgenographic and pathologico-anatomic observations, which revealed 
that the ureter deviated laterally to a considerable extent on leaving 
the renal pelvis and that at the start it was markedly contracted. 
Pelliccia accepts the hypothesis that this stenosis and deviation con- 
stituted a congenital malformation which represented the first obstacle 
to the urinary outflow and that in the factors bringing about polyuria, 
which may be the result of any one of several causes — stenosis of the 
ureter or bagpipe shape of the renal pelvis — there was. stasis with con- 
sequent increase of intrapyelic pressure. This may result in a false 
valve on the ureteral ostium or may provoke a spasm of the ureter 
until hypertension reaches a point capable of arresting the secretion of 
urine and of causing paresis of the ureter, with relaxation of its walls, 
overcoming the spasmodic closure and permitting the outflow of the 
urine. 


In the second case the sound introduced into the ureter met an 
obstruction at a point 10 cm. from its orifice into the bladder, beyond 
which it was markedly contracted. That this stenosis was of congenital 
origin is confirmed by the abnormality of the vesical orifice It is 
logical to assume that the incapacity of the abnormally contracted 
ureter for permitting the outflow of the increased volume of urine 
under conditions of increased diuresis to which the patient was subject 
resulted in stagnation, with distention of the sac. It may be that at 
such times reflex spasms of the ureter also occurred, which would 
explain the complete arrest of the outflow sometimes observed When 
the increased pressure in the pelvis of the kidnev was sufficient to 
arrest diuresis and the spasm of the ureter was rdaxed, spoifia" ous 
outflow of the collection occurred. 1 US 
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Calculi.— Nash 3 4 5 stated that most cases of calculous pyonephrosis 
occur among young women who marry at an early age and rapidly go 
through multiple pregnancies. There may be urinary diathesis which 
predisposes such women to infection and to the formation of a stone 
in the kidneys, a condition analogous to that of women with biliary 
diathesis in whom the disease of the gallbladder has its origin at the 
time of the first pregnancy. The treatment of the acute and of the 
chronic type was considered. For the latter it was suggested that 
nephrotomy be done first, to be followed by secondary transperitoneal 
nephrectomy, because the abdominal approach enables one to avoid 
hemorrhage and other complications incident to lumbar nephrectomy. 

Twinem * reported that bilateral involvement is present in about 
13 per cent of cases of renal stone. Bilateral Jithiasis is usually preceded 
by a bilateral infection. A bilateral operation should be done only 
in cases in which the stones can be removed easily, in which the patient 
is young and in which only slight or no infection is present. Usually 
the better kidney should be operated on first. Certain exceptions were 
mentioned. The surgical indications in cases of t'arious types of 
bilateral stones were discussed. The patient requires the most meticu- 
lous care if the best results are to be obtained. 

Tumor. — Ceccarelli r> reported a case of an unusual variety of renal 
adenoma of complex structure, which is not easy to interpret or to 
classify and a study of which raises important questions with reference 
to the histogenesis of an entire series of renal tumors of similar struc- 
ture, variously classified now as bypemephroid tumors and angio- 
epitheliomas. 

At operation on a woman who had suffered from renal colic on the 
left side a spheroid tumor the size of a mandarin orange was found ; 
the growth was half embedded in the parenchyma and reached the renal 
pelvis. It was wine red and of a soft and almost fluctuating con- 
sistency and was surrounded by a smooth fibrous capsule. From this 
capsule a great number of trabeculae could be seen entering the interior 
of the tumor, dividing it into many compartments; coursing through 
the trabeculae were numerous small blood vessels or dilated capillaries 
which frequently constituted the entire skeleton of the septum. In 
some instances epithelial cells rest directly on these. The tumor was 
thus seen to be an adenomatous new growth in which the vascular 

3. Nash, I. E. : Calculous Pyonephrosis : Clinical Study with Especial Refer- 
ence to Etiology and Treatment; Review of Its Literature; Report of 6 Cases, Ani. 

J. Surg. 24:110 (April) 1934. 

4. Twinem, F. P. : Surgical Management of Bilateral Nephrolithiasis, Am. 

J. Surg. 24:124 (April) 1934. 

5. Ceccarelli, G. : Su di una forma rara di adenoma renale, Arch, ita . o 
urol. 11:223 (April) 1934. 



SCHOLL ET AL. — REVIEW OF VROI.OMC SL’RCERY «*7 


element was so strongly developed that it had to be considered an 
integral part of the tumor. This led the author to inquire whether it 
might not be possible to classify it among certain varieties of hyjier- 
nephroid tumors, in which the characteristic vascular development is 
particularly accentuated and in which there is an intimate relation 
between blood vessels and epithelial elements. 

It is rather worthy of remark that despite this abundance of vessels 
there had been no macroscopic hematuria, although microscopic hema- 
turia had occurred shortly before operation. The compartments were 
in some places filled with well conserved blood and in other places 
chiefly, or almost exclusively, with an amorphous homogeneous sub- 
stance resembling colloid. Many of the cavities were lined with 
cylindric or cuboid epithelium or even by flattened elements of endo- 
thelial type, and in the lumens of some of the cavities papillary forma- 
tions were seen protruding. 

Ceccarelli, after reviewing the literature, in which considerable 
controversy is found with reference to the interpretation of similar 
new growths, concluded that his tumor must be regarded as a papil- 
liferous adenoma, characterized by an unusually abundant vascular 
development and arising from embryonal rests that consist of epithelial 
cells and blood vessels of the kidney, which had remained shut off or 
deviated from the normal. In his opinion it is possible to interpret 
in this way a considerable number of new growths in the kidney, which 
are called by different names and are classified sometimes as hvper- 
nephroid tumors and sometimes as angio-epithcliomas ; all, however, 
are characterized by the phenomena of blood vessels and epithelial cells 
growing together in intimate association. A bibliography of twelve 
references accompanies the article. 

MacKenzie 0 stated that it is estimated that on an average the pelvic 
tumors comprise about from 5 to 7 per cent of all renal growths. 
Papillary growths represent about from 70 to 80 per cent of all tumors 
of the renal pelvis. Of these, from 60 to 70 per cent are benign and 
from 30 to 40 per cent are malignant. Several of them are on the 
borderline. The papillary growths of the renal pelvis are similar to 
the papillary growths of the bladder. They appear alike, they have 
the same characteristic property of forming transplants, and they 
simulate each other in their low grade malignancv. The simple 
papillomas are usually multiple and appear as villous or wartlike 
growths. Occasionally the growth has an extensive distribution and 
may involve the ureter and the bladder and even the ureter on the 
opposite side. Often there is one large growth with several smaller 


6. MacKenzie, D. W. : 
A. J. 30:509 (May) 1934. 


Papillary Growths of the Renal Pelvis, Canad. M. 
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ones surrounding it. Frequently the growths are associated with salty 
incrustations and even with definite calculi. The papillomas are all 
very vascular and bleed easily. This accounts for the marked hema- 
turia that is usually the outstanding symptom in the disease. The 
growths are benign, but have a tendency, like the simple papillomas of 
the bladder, to become malignant. They do not metastasize but possess 
the quality of producing transplants along the ureter and in the bladder. 
The malignant papillomas are also wartlike or cauliflower-like in 
character but appear more compact and usually involve a greater area 
than the simple papillomas. At times the entire kidney is replaced by 
a growth. The villous processes are not as long or branching and often 
show areas of ulceration. Here, too, the growth may extend downward 
to involve the ureter and the bladder. In the early stages there is 
definite evidence of involvement of the submucosa, and later the renal 
parenchyma is encroached on. In most advanced cases there is dis- 
tention of the renal pelvis and multiple cysts are present in the cortex 
of the kidneys. These tumors are also extremely vascular and bleed 
easily. Microscopically the essential tumor cells are found to have 
invaded the base of the growth and the submucosa. In some growths 
there are areas showing benign and malignant cells side by side, sug- 
gesting a transformation from a benign to a malignant state. 

Carcinoma . — Gilbert and MacMillan 7 stated that primary squamous 
cell tumors of the renal pelvis are relatively rare, as approximately 57 
cases have been previously reported. Thirty-one were in males and 
26 were in females. The tumor occurred 26 times on the left side 
and 26 times on the right side, while in 5 cases the side involved was 
not stated. Pyuria was noted 39 times. This was consistently present 
in the cases coexisting with calculi and leukoplakia. This combination 
of infection and calculi led to the diagnosis of calculous pyonephrosis 
in most cases. Thirty of the 57 cases, or 52 per cent of squamous ce 
tumors of the pelvis of the kidney, were associated with calculi. These 
reports showed that calculi varied greatly in number, size and chemica 
structure. Multiple calculi were not unusual, and the calculi were re 
quently large. The growth in 31 cases was classified as squamous ce 
carcinoma, in 1 1 as epithelioma, in 9 as pavement cell epithelioma, in as 
epidermoid carcinoma and in 1 case as scirrhous carcinoma, epithelioma 
carcinoid and “flat carcinomatous ulcer.” Twenty-four cases, or 
per cent of this series, were observed at necropsy. In other cases 
exploratory operation proved the presence of metastasis. C mica 
examination alone often revealed the presence of widespread disease, 
as in Hartmann’s case. Direct extension from the renal arterj to t ie 

7. Gilbert, J. B., and MacMillan, S. F.: Cancer of the Kidney, Ann. Surf?. 
100:429 (Sept.) 1934. 
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vena cava occurred 5 times, and to the local lymph nodes. 9 times. 
Metastasis to bones was noted 8 times; the adjacent vcrtcbiae weio 
involved 5 times, and the seventh rib, the greater trochanter of the 
femur and the lower end of the femur were each involved once. Only 
early surgical removal of the carcinoma can save these patients. It 
is generally agreed that the diagnosis is made late in the course of the 
disease, when the kidney is fixed or when metastasis has already taken 
place. In several instances, nephrectomy for stone was carried out 
and the presence of tumor was not suspected. In other cases nephrec- 
tomy was done for drainage when the tumor was inoperable. In IS 
cases no operative procedure was done. Operative procedures were 
carried out as follows : exploratory operation, 7 times ; nephrotomy, 6 
times, and nephrectomy, 36 times. In 15 cases of this scries the length 
of life and the cause of death were not stated. Eight patients are 
reported to have died; 6 patients are reported to have had recurrence 
after operation, which caused death in between six months and one year ; 
26 patients died in the first six months after operation. Gilbert and Mac- 
Millan said that there were no five year cures in this series. The fact 
that these tumors are generally of a high degree of malignancy and 
that the clinical diagnosis is made late combine to make this disease 
uniformly fatal. 

Keen 8 called attention to the similarity of the roentgenographic 
appearance of malignant and that of tuberculous (renal) calcification. 
Thirteen cases of unilateral renal malignant disease and associated 
tuberculosis were reviewed. A case of renal tuberculosis on the right 
side and hypernephroma on the left was presented. Evidence was 
offered toward the supposition that the original lesion in the left kidney 
was of tuberculous origin. Ten of these cases have been reported since 
1925. This indicates that one must consider the coexistence of these 
lesions in the urinary system with more than passing interest. 

Horseshoe Kidney. — Sorrentino 8 had occasion to operate on 2 
horseshoe kidneys, 1 of them affected with hydronephrosis and the 
other with tuberculosis. In the first case the pyelogram revealed the 
characteristic inward rotation of the calices, with marked dilatation of 
those on the left side. The image of the ureters began at the lower- 
most part of the shadow of the renal pelves, and both ureters, shorter 
than normal, followed a course converging from above downward and 
from without inward. The bilateral pyelogram led to a preoperative 
diagnosis of hydronephrosis in one half of a horseshoe kidney on the 
left side, for which the author performed nephrectomy by the lumbar 
route. 


A ”° Ci ”' <1 R ' n>1 Tub '™'“ is SMenancy, Am. J, S „ rg . 

9. Sorrentino. Michelangelo: Contributo alia chirurgia del rene a i; 

cavallo, Arch. ital. di urol. 11:262 (April) 1934. elT0 
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In the second case no pyelogram was made, owing to the patient’s 
refusal to permit it, but the indications for removal of the right kidney 
were so clear that the author removed it; it was discovered at operation 
to be a horseshoe kidney in which the isthmus was composed of 
parenchymal tissue. In both cases uneventful recovery followed 
operation. 

Sorrentino expressed the opinion that the majority of fused kidneys 
produce no symptoms and are discovered only by accident at necropsy. 
In his two cases neither patient had the slightest trouble from the 
malformation until urinary disturbances began, in one case four years, 
and in the other one year, before observation. 

The most efficient aid in diagnosis is the pyelographic image, which 
reveals the sagging of the renal pelves, their approach to the median 
line, the indistinct image of the isthmus, the enormous obliquity of the 
two renal masses from above downward and from without inward and 
also the divergence of the ureters from below upward, which results 
anatomically from the rotation of the renal hilus. This sign is not 
always clearly revealed, but when it is present it has great value. 

The deformation of pelves and ureters is seen particularly well in 
sagittal projection, which causes the shadow of the pelvis to appear 
elongated, with variations of caliber at different levels and with the 
calices oriented to the right or to the left or upward in the form of 
rounded stumps ; they are nearly always dilated and abnormally 
swollen. The pyelogram shows how the ureter starts from the lower- 
most and most median point of the shadow of the renal pelvis. 

As regards treatment, nephrectomy is the method of choice. Sor- 
rentino insisted on the impropriety of calling such a procedure a 
heminephrectomy, since the removal of one side of the horseshoe mass 
is in reality a true nephrectomy, the only difference from the usual 
nephrectomy being the greater difficulty of exteriorization because of 
the fixity of the organ and the greater operative dangers owing to its 
greater vascularity and the presence of the isthmus. Ihe transperi- 
toneal approach is to be condemned and should never be used in cases 
diagnosed before operation. 

In performing symphisiotomy it is important to expose the isthmus 
completely, and for this its accurate isolation is necessary. Sorrentino 
advised that the isthmus be sectioned not too far from the kidney to 
be removed, since this enables the surgeon to use a zone supplied 
mainly by vessels that have been already tied, thus decreasing the 
amount of hemorrhage. If the isthmus is thin and fibrous, it shoulc 
be sectioned vertically and sutured with a stitch or two; but if it is 
parenchymatous and from 2 to 4 cm. thick, a more precise technic is 
necessary, extreme care being employed to provide for complete hemos 
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tasis before an incision is made; SorrcnUno employs a Hap which In- 
fixes with two U-shaped sutures. In this way he avoids al! hemorrhage. 

[Compiler’s Note. — The early clinical manifestations of disease of 
a horseshoe kidney can usually he recognized when a good clinical his- 
tory has been taken and a careful physical examination has been made. 
It is almost universal to find that these patients have gone for years 
with symptoms that are not properly recognized until a concomitant 
infection brings the patients to the urologist for examination. 

The removal of half of the horseshoe kidney for associated patho- 
logic changes should properly be called heminephrectomy since the two 
kidneys have become a single organ. It appears that in disease of a 
horseshoe kidney the best procedure is division of the isthmus, or 
symphysiotomy, when the isthmus is small and fibrous, but when it is 
large and composed of true renal parenchyma an operation combining 
symphysiectomy, nephrolysis, ureterolvsis and nephropexy is the one 
of choice. 

Sorrentino has properly called attention to the disadvantages of the 
transperitoneal approach when the organ can be reached by the extra- 
peritoneal route, in order to avoid peritoneal infection.) 

Thrombosis of the Renal Veins . — Hepler 10 reviewed the literature 
on thrombosis of the renal veins and studied the 40 cases presented 
therein, in addition to reporting 2 personally observed cases. 

Although 30 of the 40 cases studied were reported as clinical obser- 
vations and in 22 there were definite symptoms referable to the kidney, 
and although the syndrome of thrombosis of the renal veins is clearcut, 
in no instance has a diagnosis ever been made with pathologic confir- 
mation, either by operation or by necropsy'. 

The subject becomes of some clinical importance because of the 
possibility of relief by surgical measures when one considers that in 
half of the cases the thrombosis was unilateral and that in mam- 
instances the hemorrhagic infarction was the predominant clinical 
lesion, despite the fact that in other cases the primary disease over- 
shadowed it. Undoubtedly recovery from the associated disease is pre- 
\ ented by the onset of the infarction, and its early- recognition and 
treatment would modify the outcome in a number of cases. 

A classification of thrombosis of the renal veins is submitted; this 
is based on the origin of the thrombi and the conditions attending ’their 
growth. In regard to the presence or absence of infection in the 
thrombi, the terms suppurative and nonsuppurative are suggested in 
place of the ones commonly used, septic and aseptic. Practically all 
thrombi sta rt on the basis of infection and are associated with some 

Hcplcr ' A - B - thrombosis of the Penal Veins, J. Urol. 31:527 (April) 
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dcgi ee of thrombophlebitis or bacterial injury to the intima, either in 
the capillaries or in the veins. There may be no active infection or 
suppuration in the secondary extension to the renal veins, but at its 
source the thrombus arises from phlebitis. Therefore, it seems better 
to designate the so-called aseptic thrombi as nonsuppurative and the 
definitely infected thrombi as suppurative. A complete analysis is made 
of the pathologic and clinical features of the cases reported. 

ITepler’s first case was one of postscarlatinal thrombosis of the vena 
cava which evidently existed for some time with the establishment of 
a collateral collection. Visceral involvement was late and started as a 
hemorrhagic infarction of the left kidney from a secondary thrombus 
in the left renal vein. 

Recovery after removal of the left kidney was prevented by sec- 
ondary thrombosis of the right renal vein ten days later. However, 
the marked improvement following nephrectomy indicates the feasi- 
bility of surgical intervention, even in the presence of extensive extra- 
renal thromboses, if the condition is unilateral, as it is in half of the cases 
reported, and if the infarction is not overshadowed by the primary or 
associated disease. The fact that this lesion presents a definite clear- 
cut syndrome consisting of sudden onset of hematuria, pain and 
tenderness in the lumbar region and rapid progressive enlargement of 
the kidney should insure its more frequent clinical recognition. With 
this presumptive evidence, the additional cystoscopic findings of uni- 
lateral bleeding, reduction or absence of function and enlargement of 
the outline of the kidney with no shadows on excretory urography are 
diagnostic. 

The condition is not uncommon in infants; in them it is usually 
primary and associated with severe enteritis which overshadows the 
infarction and precludes the possibility of surgical intervention. At the 
time of total infarction of one kidney there is frequently beginning 
capillary thrombosis on the opposite side. However, in older children 
and adults the thrombosis is usually secondary and unilateral. 

Although practically all thrombi arise on the basis of infection, sup- 
purative thrombophlebitis is rare among infants. It usually occurs 
between the ages of 25 and 50 years and is secondary to severe sup- 
purative lesions of the kidney, either hematogenous or ascending. In 
the surgical treatment of pjmgenic infections of the kidneys the possi 
bility of an infected thrombus in the renal veins as a continued source 
of blood stream infection must be considered. 

Decapsulation. — Lioy, 11 who is an advocate of decapsulation in 
cases of nephritis, made a clinico-operative stud} r of certain types o 

11. Liov, D.: Considerazioni clinico-operative su alctini casi di nefritc 
turica e dolorosa, Arch. ital. di urol. 11:115 (Feb.) 1934. 
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nephritis in which the chief symptom was pain or hematuria or both 
of these combined. He observed that pain and hematuria do not in 
all cases go pari passu, but that in some cases one, and in others the 
other, of these symptoms predominates, while in a certain number the 
two are so intimately connected as to be inseparable. As a rule, in 
the class of cases discussed the lesions arc unilateral ; in the 8 cases 
which serve as an illustrative basis for this work there was only 1 in 
which the second kidney became involved about a month after the 
involvement of the first kidney. 

In all cases operation (decapsulation) has revealed pathologico- 
anatomic changes in the kidney (enlargement, congestion, fibrous 
reaction, etc.) and its capsular coverings. The capsule proper was 
found in every case to be thickened and closely adherent to the organ, 
so that in some cases extreme caution had to be exercised in its removal 
to avoid injuring the renal substance and provoking secondary hemor- 
rhages, which are dangerous for the postoperative course. The fatty 
capsule, too, has been found to be more or less the victim of the patho- 
logic changes of sclero-adiposis. The fibrous connective tissue 
trabeculae were sometimes in such close connection with the capsule 
proper as to form a network of plastic adhesions which had to be 
removed en bloc with the fibrous capsule. 

After decapsulation, a systematic search for calculi was made by 
manual and instrumental palpation. The size of the kidney was always 
larger than normal, and this was also confirmed by preliminary roent- 
genograms. 

Conservative surgical treatment, that is, decapsulation, brought 
complete cure in all cases, with permanent good results and disappear- 
ance of ever}' disturbance. This operation has proved effective, even 
in cases in which the morbid process dated back for a year or so. Hence, 
it seems probable that decapsulation favors the intrarenal circulatory 
apparatus, and that sclerofibrous changes have not the slightest impor- 
tance for the perinephrium, whether they are primary or secondary, 
in the process of chronic nephritis. 

The author concludes that nephrotomy for exploratory purposes in 
doubtful cases of calculosis, of which there were 2, did no injur)', either 
mediate or immediate, with respect to operative results beyond pro- 
longing to a negligible extent the time required for operation. All the 
good results have been maintained from the one to six years that the 
cases have been under observation, up to the present time. Pyelography 
was done in only one or two cases in which general and local conditions 
permitted. In 2 cases the author found that an iopax derivative 
(known abroad as uroselectan B) administered intravenously had a 
remarkable hemostatic action in nephrorrhagia and arrested hemorrhage 
instantly. h 

A long and comprehensive bibliography accompanies this article. 
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[Compilers Note. Renal decapsulation has received preponderant 
study in the literature, particularly since the work of Edebohls, who 
reported more than 100 cases of bilateral renal decapsulation for 
Blights disease. This work, however, has not withstood the test of 
time, although the procedure has its indications and good results have 
been obtained in some cases. It has been proved by necropsy in some 
cases in which the patients had been subjected to this operation that 
the capsule proper of the kidney will regenerate within a certain period 
of time, and therefore the procedure seldom has a permanent curative 
result.] 

Nephropexy . — Strode 12 described the operation of suspension of 
the kidney by the use of fascia lata. The kidney was exposed by an 
oblique incision. It was freed of all perirenal tissue down to the 
capsule and drawn up to its normal position. A strip of fascia lata, 
from 8 to 10 inches (20 to 25 cm.) in length and inch (1.9 cm.) in 
breadth, was then obtained from the leg. After it was cleansed of all 
adherent fat, the strip of the fascia was passed around the lower pole 
of the kidney, beneath the capsule. It has seemed unnecessary to 
suture the kidney or the capsule to the fascial strip. Chromic catgut 
was used in suturing the overlapped fascia. The incision was closed 
in the usual manner. No attempt was made to close the defect left 
in the fascia lata, as previous experience has shown this to be unneces- 
sary. Careful hemostasis is imperative to prevent subsequent hema- 
toma, and as an additional safeguard a rubber tissue drain through a 
stab wound below the line of closure is advisable. Strode stated that 
while neither a sufficient number of cases nor the test of time has 
made the operation as described one of proved merit, the underlying 
principles have been so well proved as to make the element of erroi 
negligible. 

Renal Function . — Walters and Counseller 13 stated that the ability 
of the body to develop an adequate renal reserve is shown by the 
remarkable hypertrophy which takes place in a solitary kidney or in a 
remaining kidney following nephrectomy. In the presence of stones 
in the kidney'’ or ureter and incomplete obstruction producing hycho- 
nephrosis the various tests of renal function do not give accurate 
indexes of the function of the kidney. Much valuable renal tissue may 
therefore survive long periods of partial or incomplete obstruction. 
This difference between the actual ability of a kidney' to function anc 
that indicated when tests are made may 7 be accounted for by the act 
that excretion, on test, is interfered with by the resting state o 

12. Strode, J. E. : Kidney Suspension by Use of Fascia Lata, J. Urol. 32:1/1 

(Aug.) 1934. . , ^ 

13. Walters, Waltman, and Counseller, V. S. : The Restoration of Renal 1 

tion, J. Urol. 31:649 (May) 1934. 
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glomerular activity noted by Richards, by pyelovcnous backflow and 
by the uncertain reflex action of a stone in the kidney or the uretet . 

The return of the excretory renal function following removal of 
stones in the ureter and kidney in cases of unilateral or bilateral renal 
injury, as well as the rapid return to normal of a dilated ureter and 
renal pelvis after removal of an obstruction, is remarkable. The rapidity 
with which function of the kidney returns depends on the presence of 
sufficient renal parenchymal tissue which is anatomically and physio- 
logically sound, provided complete relief of the obstruction and ade- 
quate control of the infection can be obtained. 

It is advisable to remove stones in the ureter or kidney or to remove 
other obstructing lesions before extensive destruction of the renal 
parenchyma takes place, especially when a solitary kidney is present. 
When there is no appreciable return of renal function, as evidenced 
by increasing excretion of phenolsulphonphthalein and reduction in the 
value for blood urea, and urinary obstruction has been completely 
relieved, one has presumptive evidence that serious injury to the kidney 
has occurred. 

Herbst and Baumrucker 14 described a new colorimetric test for 
renal function using intravenous injection of diodrast. 

The test is performed as follows : a specimen of urine containing excreted 
neoskiodan is diluted to 1000 c.c. One half cubic centimeter is placed in a pvrex 
test tube and evaporated to dryness; three drops of a saturated solution of 
potassium nitrate are added, and again evaporated to dryness ; 2 cc. of concentrated 
sulphuric acid are added, and the whole is cooked and heated. It is then 
cooled, water added, cooled again. It is then shaken with 2 c.c. of chloroform and 
compared to a colorimeter. The entire procedure is performed in the same 
test tube from evaporation to color comparison and does not take more than seven 
to ten minutes. 

The color scale may be made by dissolving 100 mg. of iodine in 128.5 c.c. of 
chloroform and adding 0.1 c.c. of this solution for each 5 per cent, diluting up 
to 2 c.c. with chloroform. 

The acidified iodine chloroform solution has a slightly deeper shade than the 
plain iodine chloroform solution. This can be corrected by layering a few cubic 
centimeters of water, acidified with sulphuric acid, over the iodine-chloroform 
solution. , . . This test, unlike the pbthalein test, can be performed on bloody 
urine. The urine is diluted to 1000 c.c. to have it correspond more closely to the 
phthalein test. However, in children where only one-half of an ampoule is used, 
it may be diluted to 500 c.c. instead and performed as described. 


Pyelonephritis. —Rost 15 stated that in cases of postpartum pyelo- 
nephrosis with retention of urine in which catheterization is indicated 

14. Herbst, R. H„ and Baumrucker, G. O.: A New Colorimetric Test for 

Renal Function Using Intravenous Iodine Preparations: A Preliminary Rcnort 
J. Urol. 32:131 (Aug.) 1934. ' 1 ' 

15. Rose, D. K. : Postpartum Pyelitis of Pregnancy: Treatment of Certain 
Cases Without Use oi Ureteral Catheter; Explanation Based on PhvsioWv n f 
Bladder, Am. J. Surg. 25:394 (Sept.) 1 934. 



896 


ARCHIVES OF SURGERY 


on account of either dysuria or toxicity he met with two entirely oppo- 
site types of function of the bladder. Either may exist separately, or 
the two may coexist to any degree. The bladder showing a relatively 
fixed, compensated wall back of a physiologic block, motor and sensory, 
of the external sphincter following parturition, if of sufficient degree, 
requires continuous drainage when indicated by reason of infection. 
Such drainage reduces, primarily, infection of the bladder and, sec- 
ondarily, the urethral, pelvic and renal infection by facilitating urinary 
flow through a decompressed and perfectly drained bladder. Inter- 
mittent catheterization in such a bladder traumatizes in the presence of 
imperfect drainage and, therefore, tends to generalize or to diffuse the 
infection. The instillation of irritative preparations into such a bladder 
is contraindicated. If a sufficient degree of altered function of the 
organ occurs, continuous drainage is indicated until perfect function is 
restored. The bladder with inhibited or functionally weakened walls 
and with normal tone of the sphincter following operation requires only 
intermittent catheterization. 

Sisk, Wear and Cummings 10 stated that acute pyelonephritis may 
cause great destruction of the cortex of the kidney and reduction in 
function. The inflammation in the wall of the pelvis and ureter and 
in the peripelvic and periureteral tissues may interfere with drainage 
early in the course of the disease by diminution in the caliber of the 
lumen and by lessening of peristalsis. Marked dilatation in the pelvis 
and ureter may occur without demonstrable evidence of stricture. Great 
stasis of urine may occur, as evidenced by an emptying time of seventy- 
five minutes in 1 case which was reported. This increases the intra- 
renal pressure and increases the tendency of the infection to invade 
the cortex. Nephrostomy offers a means of giving constant and com- 
plete drainage and should be carried out before great renal damage 
has occurred. Drainage may be temporary or permanent, depending on 
the progress of the case. In many cases nephrostomy will conserve 
renal function, and in some cases it will save the patient’s life. 

Perinephritic Abscess . — Shane and Harris, 17 after reviewing the 
literature and studying the roentgenograms made in 40 cases in which 
operation was performed for perinephritic abscess at the Mayo Clinic, 
concluded that the roentgenographic signs of perinephritic abscess must 
be considered as a valuable adjunct in the diagnosis of this condition. 
The shadow of the psoas muscle was obliterated to some extent in al 
cases ; some abnormality of the renal shadow was found in 33 cases 
(80.2 per cent) ; scoliosis was found in 18 (28.1 per cent) of the 


16. Sisk, I. R.; Wear, J. B., and Cummings, E. F. : Nephrostomy in Pyclo 

nephritis, Am. J. Surg. 25:451 (Sept.) 1934. p-rtnrnliritic 

17. Shane, J. H„ and Harris, Milo: Roentgenologic Diagnosis of Pcnncr 

Abscess, J. Urol. 32:19 (July) 1934. 
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cases in which roentgenologic examination of the thorax was made. In 
22 cases (55 per cent) an associated pathologic condition was found 
at operation, stones being present in 17 cases (40.2 ]x-r cent). I he 
frequency with which obliteration of the shadow of the psoas muscle 
occurs on one or both sides and the frequency with which some degree 
of scoliosis is found in the course of routine roentgenography diminish 
to some extent the clinical value of these data, bor instance, the 
shadow of the psoas muscle was obliterated on one side in 10 per cent 
of cases and on both sides in 3 per cent. Definite scoliosis was present 
in 3 per cent of cases, but there were several other roentgenograms 
in which it occurred, in the opinion of some observers: according to 
others, however, it was absent. The roentgenograms were studied in 
a series of 50 cases of renal calculi, and obliteration of the psoas 
muscle, or scoliosis, was found to some extent in over 30 per cent of 
these cases. The roentgenologic signs of pcrincphritic abscess, 
especially obliteration of the shadow of the psoas muscle or scoliosis, 
do not necessarily indicate the existence of pcrincphritic abscess and 
therefore cannot be regarded as pathognomonic. They have a relative- 
importance, however, when considered in conjunction with the clinical 
manifestations of the disease, which is increased when coincident 
scoliosis and obliteration of the psoas muscle are observed. 

Paranephritic Abscess . — Brown reported in detail his third case to 
prove that there exists a type of traumatic abscess of the back which 
involves the contents of the paranephric space and which is the result 
of trauma to the muscle accompanied with hemorrhage. The first result 
of the trauma is interstitial myositis in which, if infection follows, 
small abscesses form ; these may coalesce and, with the infected hema- 
toma, form a large abscess. This type of abscess is distinct from the 
abscess involving the perirenal fat and might more properlv be desig- 
nated paranephric than perinephritic abscess. 

Tumors. — Bergendal 19 reported a case of carcinoma of the ureter. 
He collected the reports of 26 additional cases from the literature and 
combined these cases with the 49 cases previously analyzed bv Rous- 
selot and Lamon and reviewed the entire group, a total of 76 cases. 
Forty-three of the patients were men and 33 were women. Such a 
distinct predominance of men was not noted in earlier series. The age 
of 1 patient was not stated, but the age distribution of the others was 
as follows: 30 to 39 years, 4 patients; 40 to 49 years, 18; 50 to 59 
years, 20 ; 60 to 69 years, 22 ; 70 to 79 years, 9, and 80 to 89 years, 2 


pj 8 ' B , r0wn ’ Alfred: Traumatic Infected Interstitial Myositis as a Cause of 
Paranephritic Abscess, J. A. M. A. 102:2096 (June 23) 1934 

Ann Bergend " 1 ’ Seved: CHnical Stud >' of Malignant Tumors of the Ureter - 
An Operative Case of Ureteral Sarcoma, Acta chir. Scandinav. 74:179 1934 
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I he youngest patient was 30 years of age and the oldest, 89. Accord- 
ing to Bachrach, carcinoma of the ureter occurs at a relatively early 
age compared with malignant tumors of other organs. In this series 
22 of 75 cases (29 per cent) were in persons under 50 years of age. 
In 41 cases carcinoma was found in the right ureter, and in 35 cases 
it was in the left ureter. Sufficient information for judging what part 
of the ureter was the seat of the carcinoma is given in 72 cases, and 
the distribution is as follows: In 13 cases it was in the upper part; 
in 10, in the middle part ; in 7, at the crossing of the iliac vessels, and 
in 39, in the lower part; in 2 cases practically the entire ureter was 
involved, and in 1 case there was a multiple localization in which no 
definite primary tumor was indicated. A striking feature is the great 
number of tumors which were found in the lower part of the ureter, 
where more than one-half were localized. This preference for the 
lower part of the ureter is well known from previous comparisons. In 
no fewer than 12 cases the growth either belonged to the ureteral orifice 
itself or had penetrated the opening so that it could be detected with 
the cystoscope. Microscopically the ureteral carcinomas differ widely 
in appearance. Three types of ureteral carcinoma are most common. 
The first is the sharply outlined tumor which varies in size from that 
of a pea or cherry up to that of a pigeon’s egg and which fills the 
lumen and springs from the ureteral wall by a not infrequently narrow 
pedicle ; the surface may be smooth, moderately uneven, split up oi 
papillomatous and cauliflower-like. In the second, or the infiltrative, 
type the growth invades the ureteral wall for a shorter or longei dis- 
tance, mostly circularly, constricting the lumen to a greater or lesser 
degree. If only a short part of the ureter is involved, it may be difficult 
to determine macroscopically whether a benign stricture or a malignant 
process is the source of the trouble. On the other hand, cases have 
been described in which the tumor tissue advances and infiltrates a 
large portion of the ureter. In the third, or multiple, type the gross 
appearance may so nearly resemble the picture of multiple papi oma 
that it is surprising when the malignant nature of the process 
discovered at the microscopic examination or manifests itself by metas 
tasizing via the lymph passages. The microscopic structure o carci 
noma of the ureter may vary. Histopathologic data were given m 
of the cases ; there were 38 cases of papillary carcinoma, 
squamous cell carcinoma, 20 of carcinoma simplex solidum me u ar ’ 

3 of adenocarcinoma and 2 of transition cell carcinoma. Exact) 
of the cases were of the papillary type. Some of the papi ar) car ^ 
nomas, however, also presented flat epithelial cells. reas 
distinctly papillary structure were also found often in the tumors^^ 
the other groups. Keratinization was observed in at least 0 
squamous cell carcinomas. The great frequency of papillar) care 
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has been pointed out by several authors. Carcinomas of the ureter 
may disseminate in two ways: namely, by implantation and by metastasis 
by way of the lymphatics. Bergendal stated that there arc reports of 
necropsy in 32 of the cases of ureteral carcinoma; in 22 of these 
metastasis is mentioned. In at least 1 case metastasis of the lymphatic 
glands was found at operation. The topographic distribution of metas- 
tasis found at necropsy was as follows: in 20 cases it was in the lymph 
nodes; in 11, in the liver; in 7, in the lungs; in 3, in the osseous system, 
and in 2. in the pancreas. Among the 76 cases of ureteral carcinoma 
under review, concretions appear to have occurred in 8 cases, or 1 1 
per cent. Bergendal stated that as in cases of renal tumor the most 
important symptoms in cases of tumor of the ureter are hematuria, 
palpable tumor and pain. Of these three symptoms, hematuria, that 
is, the macroscopic form, may undoubtedly be said to be the most 
important. Bachrach stated that hematuria occurs in about 45 per 
cent of all the cases of tumor of the ureter; according to Tiitinen, it 
is found in about 70 per cent of the cases of carcinoma of the ureter. 
Bergendal found hematuria mentioned in 54 (75 per cent) of the 72 
cases. Pain is also a common symptom of carcinoma of the ureter. 
Mention is made of pain in 49 of the 72 cases (68 per cent). A study 
of the literature also shows that particularly during recent years nephro- 
ureterectomy has been the surgical procedure adopted in most of the 
cases of malignant tumor of the ureter. This extensive operation has 
often been performed in one stage. Against this procedure it may be 
objected that it is a serious operation, especially for debilitated and 
elderly persons. In the 27 recent cases of carcinoma of the ureter the 
reports of which have been collected by Bergendal the operation was 
performed on 10 patients. Of these, no fewer than 4 died after the 
operation. Bergendal stated that complete nephro-ureterectomy in one 
stage is regarded as the normal method for the patient whose condition 
, does not directly contraindicate so extensive an operation. Follow-up 
reports are available only for some of the cases in which operation 
was performed. Most of the patients died of metastasis or local 
recurrences a short time after the operation. Only in 6 cases was 
there a report to the effect that the patient was healthy one year or 
longer after the operation. At present, therefore, Bergendal feels that 
the results of the therapy in cases of malignant tumor of the ureter 
are not encouraging. 


Ureter o-lntestmal Anastomosis.— m gg \ ns presented a new technic 
for simultaneous bilateral transplantation of the ureters into the rectum 
m whldl th e normal course of the urine and continuity of the ureter 

Oune) H S nS ’ C C -' Ureter °- Intest ’^ Anastomosis, J. Urol. 31:791 
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aie preserved until after the formation of a new channel between the 
ureter and the rectosigmoid. The rectum is exposed and the ureter is 
dissected out and transplanted without disturbing the bladder. Several 
days later, at a second operation, the ureter is separated from the 
bladder, and the lower end is ligated. 

The procedure is attended by no interruption of renal function 
during the establishment of the new channel between the ureter and 
the intestine. The mortality in experimental animals has been prac- 
tically negligible. There has been almost complete absence of peri- 
tonitis and acute renal infection. The immediate results in 8 clinical 
cases have been unusually satisfactory, but insufficient time has 
elapsed to warrant any statement as to the ultimate results. 

BLADDER 

Tumors . — Barringer 21 reported the results in 78 controlled cases of 
carcinoma of the bladder, which were selected mainly from the cases 
of patients treated by radium at the Memorial Hospital during the past 
eighteen years. Of the 78 tumors, 48 were graded according to the 
scheme of Broders. Nine were of grade 1; 24, of grade 2; 14, of 
grade 3, and 1, of grade 4. In 55 cases the pathologist made an attempt 
to determine whether the tumor was radiosensitive; 27 tumors were 
thought to be radioresistant and 28 were considered radiosensitive. 
Barringer stated that the suprapubic operation with radium implantation 
is a relatively benign operation. In his first 109 consecutive cases, 4 
patients died in the hospital, an operative mortality of 3.6 per cent. In 
179 consecutive cases the operative mortality increased; 13 patients died 
in the hospital, giving an operative mortality of 7.2 per cent. Barringer 
stated that if it is considered that in the majority of these cases, from 
the surgeon’s standpoint, the condition was inoperable (if one excludes 
total cystectomy), it will be realized that this is a low mortality. In 7 
cases he performed a second cystotomy and radium implantation, while 
in another case he opened the bladder three times in a vain attempt to 
control the growth. In 1 of these 8 cases death occurred in the hos- 
pital after operation. The great majority of patients were between the 
ages of 50 and 60 (33 patients) and 60 and 70 years (25 patients) , 1 
patient was between 30 and 40 years and 4 were between 70 and 8 
years. A patient was not considered well unless he had been without 
symptoms for a sufficient length of time, a year or more, or unless t re 
bladder had proved to be free from tumor by cystoscopic examination 
or as seen through a cystotomy wound (this operation being done or 
some complicating process). Thirty-one patients were well after rotn 

21. Barringer, B. S.: Carcinoma of the Bladder, Surg., Gynec, & Obst. 

867 (May) 1934. 
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five to ten years; 10 patients, after from ten to fifteen years, ami 1 
patient after from, fifteen to twenty years. Barringer stated that the 
size of the tumor has no relation to the curability; the size and the 
position of the base have a direct relation to whether the growth can 
be controlled. A tumor may fill the bladder and yet may he peduncu- 
lated and attached to the wall of the bladder by a very small base. Such 
tumors are, of course, favorable for treatment by radium implantation. It 
is interesting to note that in /4- cases in which the size of the base was 
given, all but 37 of the tumors had a base larger than 6 sq. cm. ; 4 
were recorded as extensive, and 7 had a base larger than 30 sq. cm. 
Barringer has classified the tumors as to site into 4 divisions. The first 
group included tumors of the base of the bladder, touching the trigon, 
ureters or internal urethral orifice. There were 4S such tumors, a 
large majority. Of the others, 15 were on the lateral walls, 8 were on 
the base back of the trigon. and but 2 involved the vault of the bladder. 
In 5 cases the site was not given. The fact that in a large majority of 
cases the tumor was situated on, or adjacent to, the trigon makes the 
operation so signally difficult. 

Exstrophy . — Marion 22 stated that he has had occasion in no less 
than a dozen cases to close a ruptured bladder in a female and to recon- 
struct the urethra by a simple procedure, the results of which have 
stood the test of time. In his earlier cases this procedure consisted of 
taking a tubular graft of mucosa from the vagina and placing it in a 
tunnel excavated between the bladder and the exterior surface of the 
body. This was done by means of a trocar, through which was passed 
the vaginal mucosa which was wrapped around a catheter. More recently 
he has found that as good results can be obtained by a simple tunneling 
and insertion of a catheter, without the use of a graft, the only differ- 
ence being that a little longer time was necessary for epidermization of 
the tract thus formed. Such constructed urethras require continuous 
supervision over a long period of time. The patients are taught the 
use of bougies, which at first are passed daily and later at intervals not 
to exceed three or four weeks, a little dilation occasionally being neces- 
sary. The new urethras are permeable, and they also prove to be 
absolutely continent, the continence being pathologic, resulting from 
the enclosure of the new canal in tissues which are more or less fibrous. 
The method is invaluable for use in cases in which the urethra has been 
completely destroyed during parturition. Recently, Marion used the 
method in a case of exstrophy of the bladder, cure resulting. If the 
early results are maintained, this condition will cease to be the redoubt- 
able malformation which it has been considered. The operation should 


22. Marion, G.: De la constitution d’un uretre continent chez la 
fon emploi dans l'exstrophie vesicate, J. d’urol. 37:393 (May) 1934 


femme et de 



902 


ARCHIVES OF SURGERY 


not, however, be attempted on a child less than 10 years of age. A 
flap taken from the achilles tendon is wrapped, with its raw surface 
outward, about a no. 18 Pezzer catheter and is drawn through an exca- 
vation which has been made with a trocar between the vagina and the 
bladder; if the child is a girl, this commences immediately above the 
vaginal opening and terminates at the bottom of the bladder, behind 
the interureteral line; the flap then assumes automatically the correct 
position. The margins of the bladder are now freed by an incision, 
which passes all the way around the organ ; the latter is separated from 
the deep parts, and the muscular wall is removed over a tract from 
2 to 3 cm. long. This gives rise to considerable bleeding, which must 
be controlled by clamps and tampons. When the bladder has been 
freed, care must be taken to unroll its edges, which have been rolled 
up. This is done by sectioning the tissues on the external surface of 
the bladder to from 1 to 2 cm. from its edges, to make the walls of 
the bladder susceptible of ready coaptation. The edges of the ‘bladder 
are sutured transversely or vertically, whichever is easier, reserving an 
orifice for the placing of a second catheter to deviate the urine. The 
sheath of the large rectus muscle is then incised longitudinally as far 


as possible, and the aponeurosis, which forms the anterior wall of the 
sheath, is separated in such a way that it can be turned back toward 
the median line and sutured to the opposite side except at the point 
where the Pezzer catheter is placed. The skin around the bladder is 
sutured by means of a silver wire and is drawn toward the median line. 
In some cases flaps may be necessary to secure a complete covering. 
These may be obtained by undercutting about 3 cm. from the edges 
of the skin on each side, the two extremities of both flaps remaining 


adherent to the tissue beneath, while the flaps themselves are drawn 
together to meet in the median line; the gaps left by the undercutting 
close later by second intention. The Pezzer catheters must be kept in 
place as long as possible and must remain patent; this is accomplished 
not by injections into the catheters but by the use of bougies. The} 
should be changed only when they cease to be patent; if possible, the 
lower one should not be disturbed for two weeks in order to allow the 


graft to adhere. After the urethral tract is well established and can be 
easily catheterized, the upper fistula is closed. In male children the 
new urethra will go from the bladder to the perineum ; the dissection 
of the lower part of the bladder will pass above the verumontanum ant- 
separate the urinary part completely from the genital part. When repair 
of the exstrophy has been obtained, the upper canal of the penis ma> 
be closed, and this new canal will serve only for accomplishing 


ejaculation. 
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Vesical Calculus.— Price 23 stated that vesical calculus is rather 
common in Shantung Province. His report is based on the cases of 
126 patients who were admitted to the University Hospital in the last 
five years. Most of the patients were boys from the country, between 
5 and 15 years of age, who began to have symptoms in the spring in 
the second to the sixth year of life. Characteristic symptoms occur in 
attacks of increasing length and severity, until finally there arc no 
svmptomless intermissions. The etiology' of vesical calculus is obscure. 
Price’s study of the incidence appears to lend indirect support to the 
theory that dietary' deficiency, perhaps vitamin A deficiency, is an 
important causative factor. In his experience, roentgenologic exami- 
nation is the most informative single diagnostic procedure for stone in 
the bladder. Demonstration of the presence of a stone in the bladder 
is not sufficient; the condition of the urethra, bladder, kidneys and body- 
in general should be determined. If severe cystitis or evidence of renal 
damage is found, operation is best delayed until the condition can be 
improved. The preoperative, operative and postoperative treatment 
developed at the University Hospital was described in detail. Its essen- 
tial features are: adequate preoperative treatment which is based on 
careful and complete diagnosis ; suprapubic lithotomy-, the bladder being 
distended with measured quantities of air; special care that the wound 
does not become contaminated by vesical contents ; anatomic closure of 
all the layers of the wall of the bladder without drainage; drainage of 
the bladder for four or five days bv means of a catheter carefully- 
placed and securely fastened in the urethra, and attempts to restore 
the entire urinary tract to normal. A stone which is partly impacted 
in the prostatic urethra presents special problems. Suggestions are 
made for dealing with this sort of case. 

Foreign Bodies . — The introduction of foreign bodies into the 
urinary bladder may be either intentional or accidental. Almost every- 
known conceivable substance that the urethra can admit has been intro- 
duced into it and subsequently found in the bladder. Most commonly, 
Kau 24 found lead pencils, wire hairpins, crochet needles, rubber tubing, 
stems of plants, shirt buttons, shoestrings, glass rods and wire, and 
recently, more cases were reported in which chewing gums and paraffin 
wax had been introduced into the bladder. On the other hand, the 
foreign bodies which were accidentally introduced into the bladder were 
more commonly- found in aged people and consisted of instruments 
used for the relief of urinary retention. Portions of ordinary or Pezzer 
catheters, glass catheters, bougies, jaws of lithotrites and similar instru- 


23. Price, P. B.: 

24. Kau. Z. M.: 
473 Ofay) 1934. 


Bladder Stone, Chinese M. J. 48:462 (May) 1934 
Foreign Bodies in the Urinary Bladder, Chinese M. J. 48 
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meats composed most of the foreign bodies found in this group during 
the last century, but with the improvement of our surgical technic and 
the instruments these accidents have become less frequent. There is a 
rare group of foreign bodies that may gain entrance into the bladder 
through ulceration of the vesical wall. These foreign bodies are usually 
situated or get lodged in the perivesical space; they consist of gauze 
sponges overlooked at operation, sequestrums from osteomyelitis of 
pelvic bones, fragments of shells and bullets. As a result of mechanical 
irritation by a foreign body, infection of the bladder sooner or later 
takes place. Cystitis, therefore, is a common complication of the 
presence of a foreign body in the bladder, especially in the chronic 
and latent cases. With infection, phosphatic incrustation ensues and 
a stone develops, with the foreign body as the nucleus. Foreign bodies 
which have rough or irregular surfaces are more susceptible to phos- 
phatic incrustation ; this is practically absent or the process goes on 
slowly in the case of smooth objects such as glass or wax. Foreign 
bodies which have sharp pointed ends, such as needles and pins, are 
liable to produce ulceration of the vesical wall and secondary perfora- 
tion. Sometimes they may escape through this perforation and be 
discharged to the peritoneal cavity, perivesical space, rectum or vagina. 
On account of the irritation of the bladder and the accompanying 
cystitis, disturbances in the act of urination dominate the clinical picture, ^ 
though in certain cases the foreign body may remain latent and symp- 
tomless. Frequency of micturition, painful urination, urgency and 
tenesmus are the usual symptoms presented by these patients. Hematuria 
and pyuria are almost always present at one time or another. Acute or 
chronic urinary retention and incontinence of urine may develop if the 
foreign body is impacted in the vesical orifice. Pain may be referred 
to the tip of the penis or to the perineal region. In fact, the symptoms 
are more or less similar to those of vesical calculus. The treatment 
depends on the nature and shape of the foreign body. A careful cysto- 
scopic and roentgenologic examination is essentia! before treatment. In 
general, it may be described under two headings, the nonsurgical and 
the surgical. In the nonoperative treatment, foreign bodies, such as 
catheters, fili forms, rubber tubing, stems of plants, chewing gum, wax 
and needles may be removed through the operating cystoscope, 1 oung s 
cystoscope rongeur, the observation lithotrite or Kelly’s hollow tube 
cystoscope with alligator forceps. Care must be taken in removing 
sharp pointed objects, especially needles, for rupture or injury to the 
bladder or urethra may occur otherwise. Surgical removal by means 
■of suprapubic cystostomy is indicated whenever nonoperative treatment 
fails or in the absence of special instruments. 
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Fistula. Elaut 25 reported a new method of treatment of vesico- 

vaginal fistulas which meets the requirements better than any other 
method in cases in which there has been extensive loss of substance. 
It has been successfully used in two cases. 

A method, to be satisfactory, must place the restored wall of the 
bladder beyond the reach of the least traction that might compromise 
its continuity; hence the catheter tube used for drainage of urine must 
be so placed that it does not come in contact with the surface of the 
vesical wound. It also must protect the sutured wall from the corrosive 
action of the urine; it must therefore effect drainage at the lowest part 
of the bladder, so that the bladder may be emptied completely. These 
conditions are fulfilled in Elaut’s transcervical drainage, which is car- 
ried out through the anterior wall of the cervix uteri by means of a 
specially devised curved metal tube which conducts the urine through 
the vagina and across the perineum into the urinal. When the tube 
is once in place, the fistula is closed by the standard procedure after 
the making of a duplication of the vesicovaginal partition. To under- 
stand the basis of this method, it is necessary to observe the anatomic 
relations of the bladder and the cervix. The important points to study 
are the distance between the anterior vaginal culdesac and the peri- 
toneum of the vesico-uterine space, the point of the bladder that is 
lowest when the patient is recumbent, the point of contact of the bladder 
with the cervix, the vessels that might be injured during manipulations 
inherent in the drainage and the situation of the ureters with reference 
to the tract of the tunnel. In carrying out his studies on cadavers, 
Elaut took account of the fact that the fistulous bladder must be 
regarded as empty. He found that the distance between the vagina 
and the peritoneum, while varying in different persons, averaged 35 mm. 
in normal subjects during the sexual period of life. In cases of 
metritis, perimetritis and parametritis, its length may be 40, 50 or 60 mm., 
as the result of the enlargement of the uterus caused by inflammation. 
It is at the level of this region that the bladder and the uterus are in 
contact with one another at the vesico-uterine partition. The peritoneum 
. lining the space between the uterus and the bladder posterior to this 
partition is the equivalent in the female of Denonvillier’s fascia. It is 
worthy of note that there is no fat in this space. The only point of 
contact of the uterus with the bladder is at the cervix. Even when 
the bladder is empty, the tract making contact is never less than 25 
mm. long under normal conditions. On the vesical side of the partition 
the contact Is in the region in which the greatest transverse diameter is 
iound; this diameter is constant whether the bladder is full or empty • 


25. Elaut, L.: De la derivation transcervicale de 
fistules vesico-vaginates, J. d’urol. 37:21 (Jan.) 1934. 


1 urine dans la cure des 
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it runs from one lateral recess to the other, and it is at about the 
middle of this tract that the point of contact is to be sought. This line, 
which constitutes the postero-inferior border of the vesical cavity, is 
about 40 mm. from the line joining the ureteral meatuses. By restrict- 
ing the incision rigorously to the median line, one can be absolutely 
certain that the drainage tube will puncture no vessel, however small. 
The operation is divided into two stages : exposure of the vagina and 
the placing of the drainage tube. The exposure must be as wide as 
possible, and in some cases it may be necessary to incise the perineum. 
To admit the tube, the cervix may sometimes have to be slightly dilated. 

Vesical Pressure. — Watkins 20 investigated the condition of the 
detrusor muscle in cases of injury to the lower part of the spine by 
estimating the vesical pressure. For comparison, studies were made 
of the normally innervated bladder, and as a result Watkins concluded 
that although definite information concerning the condition of the inner- 
vation of the bladder can be obtained by making careful estimations of 
the vesical pressure most of the information can be derived from simpler 
measures and from clinical observations. 

A vertical glass tube, 4 mm. in internal diameter, was used as a 
water manometer. It was connected by a T-tube with a reservoir filled 
with a 1 : 4,000 solution of mercuric oxycyanide and an inlying 
catheter. Fifty cubic centimeters of fluid was introduced, and readings 
were taken at the first sensation of filling, at the first attempt at 
urination, either from actual contraction of the detrusor muscle or 
from abdominal straining, and then after each further addition of 50 
cc. of fluid. The results in 24 cases in which there was normal innerva- 
tion of the bladder are discussed and compared with those obtained by 
other investigators. 

Watkins concluded that with the use of the water manometer it 
should be simple to differentiate between rises of pressure resulting 
from abdominal straining and those which result from contraction of 
the detrusor muscle. Furthermore, it should be possible to demonstrate 
contraction of the detrusor muscle at any observation on a normally 
innervated bladder, and such contraction should cause a pressure of 
about 150 cm. of water or more, which is approximately twice as great 
as can be caused by abdominal straining alone. 

Three cases were studied; these were cases of urinary retention 
from lesions of the spinal cord with disturbance of the sacral segments. 
Important evidence can be obtained by readings of vesical pressure, 
particularly in regard to contraction of the detrusor muscle, while the 

26. Watkins, K. H. : The Clinical Value of Bladder Pressure Estimations, 
Brit. J. Urol. 6:104 (June) 1934. 
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nature of the pressure curve “at rest" and the point <«f first sensation 
are of much less value. 

However, it is doubtful if the same information cannot he obtained 
by simple clinical methods. At cystoscopic examination it is possible 
to determine the point of first sensation and the capacity of the bladder. 
By watching the urinary stream after excluding the presence of obstruc- 
tion, it is possible to determine the presence of powerful contraction of 
the detrusor muscle. If the stream is forcible, of wide caliber and con- 
tinuous, evacuation must lie the result of contraction. In a paralyzed 
bladder there are much straining, poor force, narrow caliber and inter- 
ruptions coincident with the taking of a deep breath, which hinder 
abdominal action and straining. 

At the present time it does not seem justifiable to make any very 
vigorous claims for the introduction into routine clinical practice of a 
method which provides little more information than can he derived by 
simpler methods. 


(To he Concluded) 
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CONTINUOUS INTRAVENOUS INJECTION 

To the Editor:— In the April issue of the Archives of Surgery (30:685, 1935) 
there is an article entitled “Experimental Pulmonary Embolism Associated with 
Venoclysis ’ by Mcrvin J. Rumold, of Kansas City, which seems to discredit the 
use of continuous intravenous injections. For several years I have been advocating 
and using continuous intravenous injections, particularly in connection with surgical 
procedures, and I have written several articles on the subject. 

The experiments of Dr. Rumold appear to have been carefully performed, but 
in my experience his conclusions do not seem applicable to clinical work for the 
following reasons: 

1. The vein used by Dr. Rumold in all of his experiments (listed in the six 
tables) was the external jugular vein in a dog, except in 2 experiments in which 
the saphenous vein was used. In a dog the external jugular vein is large and 
practically supplants the internal jugular vein, which is always small and almost 
negligible in function. The total number of dogs experimented on was 19. After 
each of the 19 experiments either pulmonary infarcts or pulmonary thrombi 
resulted, usually both. A clot in the large external jugular vein of a dog would 
probably be quickly transported to the lung because of the size of the vein and 
the very short and direct communication with the vena cava. I know of no 
clinical instance in which a continuous intravenous injection has ever been given 
through the jugular vein. In the 2 experiments in which the saphenous vein was 
used, it is said that “Considerable difficulty was encountered in keeping the dogs 
quiet.” On the whole, then, so far as the vein is concerned the conditions that 
obtained in the experimental work of Dr. Rumold are quite different from those 
in the clinical use of intravenous methods. Even in the 2 experiments in which 
the saphenous vein was used, the dogs obviously could not be well restrained. 
Clinically, in continuous intravenous infusion, or so-called venoclysis, the arm or 
leg into which the solution flows is kept still, usually by a small splint. If 3 
patient were to use the arm or leg through which continuous intravenous injection 
was being given, a clot not only would be more readily formed from injury to 
the intima of the vein but would be more readily forced into the circulation. 

2. The solution that was used in almost all of Dr. Rumold’s experiments was 
a 10 per cent solution of dextrose. As was shown by Matas in his original con- 
tribution on continuous intravenous injections, a 5 per cent solution of dextrose is 
about isotonic with the blood. Ringer’s solution is known to contain most of the 
important electrolytes of the blood in the approximate proportion in which t ey 
are found in the blood serum. A 10 per cent solution of dextrose is distinctly 
irritating to the vein, though doubtless it can be employed for a few hours wit i 
comparative safety. When it is desired to stimulate the function of the ki neys 
or to reduce edema, a 10 per cent solution of dextrose mny be used, but t ie ac 
that the stronger solutions of dextrose are one of the remedies for sclerosing 
varicose veins shows it is much more likely to cause injury to the veins t un 
isotonic 5 per cent solution. Naturally, the insertion of a needle, an sti 
of a cannula, into a vein may induce a clot at the point of trauma. ia 1 

is not a frequent or serious occurrence, however, is shown by the common a 
innocuous practice of removing the blood from a vein for a \\ assermann 
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by the intravenous administration of various drugs. Rarely is the vein occluded 
in these instances, or, if it is occluded, the smaller cal. her o the vent and the 
distance from the vena cava make it probable that the clot will become adherent to 
the intima and eventually be absorbed. Often veins that have been occluded with 
thrombi resolve and become permeable again. It is well known that even tn the 
extensive thrombosis that occurs after phlebitis pulmonary emboli arc very uncom- 
mon, though thev do occur. The injection of sclerosing material into large varicose 
veins seems to afford a much more fertile field for pulmonary emboli than could 
possibly occur from the slow injection of an isotonic solution into a small vein, 
yet such an occurrence is rare. 


3. The employment of the apparatus which Dr. Rtimold illustrates is distinctly 
favorable for pulmonary thrombosis. The so-called Murphy "drip method” of 
administering fluid into the rectum is convenient for determining the rate of flow, 
and any air that is carried into the rectum is harmless. Why this procedure should 
be adopted for intravenous injection, however, I have never been able to tinder- 
stand, because it is well known that the injection of air in any considerable quantity 
into the venous system is injurious and often fatal. It may plug a branch of the 
pulmonary arteries and form a thrombus, while the original cause of the thrombus 
— the air — may be readily overlooked in the necropsy. This drip method seems 
to have for its only recommendation the fact that the rate of injection can be 
gaged. Even this advantage is more apparent than real. By the use of a narrow 
buret containing about 500 cc. of solution, the flow of the solution can be regulated 
fairly accurately so that it can be cut down to as low as 50 cc. an hour with con- 
siderable accuracy by quickly noting the changing level of the fluid on the narrow- 
buret. In the drip method, however, the drops must be counted as the pulse is 
counted, and the size of the drops may not always be the same. If in the glass 
drip apparatus there is an aperture for air, as in proctoclysis, the air can, of 
course, readily enter this space, but even if there is no such aperture the rate of 
flow below the apparatus may become greater than the supply above to the appa- 
ratus, which may result in the suction of air into the blood stream. If the patient 
or animal vomits, strains or becomes congested, the rate of absorption of the 
intravenous injection would be temporarily slowed down because of the venous 
back pressure, but when this passes off and the respirations become more rapid 
the rate of venous flow is increased, and it is easily conceivable that some air 
may be sucked in because the rate of supply by the drip method is fixed. Even 
though there may be no direct communication with the outside air, a partial 
vacuum in the drip apparatus may be induced and air aspirated into the vein. 
An air bubble coming into the circulation and speeded along by the force of the 
intravenous injection as well as by the flow of the venous current may readily 
pass through the right auricle and ventricle and into the pulmonary circulation 
without being sufficiently large to disturb the action of the heart. 


4. Experimental work on dogs is interesting and often uncovers many valuable 
points, but the results cannot always be directly transferred to man. Thus for 
instance, the Koontz fascia lata of the ox seems to have been almost perfect in 
dogs and is incorporated into the tissues, but in human beings, in my own experi- 
ence with it, it has been unsatisfactory. In 2 cases the abdominal' wound broke 
open, once nine days and once six days after the operation, and I have had other 
unfortunate experiences with it. The fascia was recovered in these cases anrl 
was shown to be disintegrated. 

During the last five years continuous intravenous injection of a 5 per cent 
solution of dextrose in Ringer's solution has been used at St Elizabeth’s , 

Richmond, Va., in about 2,500 patients, the length of the 
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varying from three hours to four days. In many of these patients it was used 
several times. I believe that it occasionally was life-saving. In this period of 
five years 6,237 patients were admitted to St. Elizabeth’s Hospital, and there were 
4 deaths from pulmonary embolism. One of the patients, who received 1,000 cc. 
of a 5 per cent solution of dextrose in Ringer’s solution the first day after opera- 
tion, which was done for acute gangrenous appendicitis, died suddenly seventeen 
days later while he was up in a chair. Another patient, who was operated on for 
vesical stone, suprapubic cystotomy being done, received 500 cc. of a 5 per cent 
solution of dextrose in Ringer’s solution the day of operation and died suddenly 
of pulmonary embolism eighteen days later. A third patient received about 
S,000 cc. of a 5 per cent solution of dextrose in Ringer’s solution over a period 
of about three days after gastro-enterostomy and died of pulmonary embolism 
sixteen days after the operation. This is the only case in which venoclysis can be 
reasonably considered as a probably causative factor. The fourth patient, who 
had an exploratory operation followed by roentgen treatments for carcinoma of 
the ovary with metastases, died two weeks after the operation from pulmonary 
embolism. She had received no intravenous injection of any kind. 

The incidence of pulmonary embolus over this five year period appears to be 
no greater than that noted when continuous intravenous injection of dextrose is 
not used. The comparison of the results of Venoclysis in 2,500 clinical cases with 
those of Dr. Rumold’s 19 experiments in dogs becomes obvious. I regard con- 
tinuous administration of a 5 per cent solution of dextrose in Ringer’s solution 
when properly given as one of the greatest aids in many cases, and I should not 
willingly dispense with it except after some convincing demonstration of its 

injurious effects. j. Shelton Horsley, M.D., Richmond, Va. 
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In this\'rtWe we shall report three cases of tumor of the jn-nromy.,- 
arterial glonr.A an entity as yet undescrihed itt the American literature, 
and present a] des-.ription of this tumor, with a tahulation of all reported 
cases. / 

/ KEPORT OK CASES 

Case 1— E. B., a woman 28 years old. complained of pain in the tip of the 
third finger of the right hand. This pain began twelve years previously when a 
drawer was slammed on the finger. Shortly after the accident a blue spot. the 
size of a pinhead, appeared under the nail at alsnit its center, and the tip of the 
finger remained painful for many weeks. In the years that followed, slight 
traumas to the nail caused an exaggerated amount of pain. Also, the finger 
became rather painful during ordinary cold weather, and if the temperature tell 
to the freezing point, the pain became almost unbearable, necessitating the wearing 
of a heavy fleece-lined glove. At times pain appeared spontaneously or possibly 
after unnoticed slight traumas. Occasionally it radiated up the forearm to the 
internal condyle of the humerus, following approximately the course of the median 
nerve. During the two years prior to examination the pain became more severe 
and the attacks more frequent. The bluish spot remained unchanged, and in nil 
other respects the nail and subungual tissue appeared normal, except that digital 
pressure on the nail on its ulnar side or pressure on the tip of the finger near the 
nail caused pain. The pain was more severe during the night. 

The patient had consulted several surgeons in order to obtain relief. None had 
been able to make a diagnosis or even been willing to consider an exploration. A 
diagnosis of subungual calculus was suggested, but since an x-ray photograph, 
carefully taken for soft tissue detail, failed to reveal areas of increased density, 
operation was not advised. When the patient consulted us in July 1933, we noted 
the following physical signs: Near the center of the finger-nail was an area of 
bluish discoloration about % inch (0.32 cm.) in diameter (fig. 1 A ) . When 
pressure was made against the tip of the nail sufficient to cause a blanching of 
most of the nail, the bluish area was made to stand out in sharper contrast. 
Gentle pressure applied locally to the region of the discoloration or to the tip of 
the nail caused pain. There was no irregularity in the growth of the nail, which 
was well formed and smooth, even under the magnifying glass. No disturbance 
of circulation or of sensation could be found. The pulp of the finger was normal 
Nothing found in the general examination could explain the local pain and tender- 
ness. An x-ray picture showed no abnormality of tlie bone. 


From the Orthopedic Service of Dr. Leo Mayer, Hospital for Joint Diseases. 
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Two diagnoses were considered: a subungual papilloma and a chronic low- 
grade infection of the bone with secondary inflammation of the subungual tissues. 
1 hat we had no inkling of the true nature of the pathologic process was due 
entirely to our ignorance of glomal tumors, for had we known of Masson’s work 
we could have recognized the condition at a glance. 

Fortunately, despite our diagnostic errors, we advised operative exploration, 
and accordingly the patient was admitted to the Hospital for Joint Diseases in 
July 1933. Under local anesthesia obtained with 1 per cent procaine hydrochloride, 
to block the sensory nerves at the base of the finger, the operation was performed 
as follows : 

A portion of the nail was removed piecemeal with a small rongeur, exposing 
the bluish area visible through the translucent nail. The discoloration seemed to 
be due to a thinning of the subungual tissues. It extended over an area about 
Y inch (0.64 cm.) long and Y& inch (0.32 cm.) wide (fig. IF). The tissue here 
looked thin and slightly bluish. When the superficial layer was removed with a 
knife, a peculiar tissue was exposed which had the appearance of partly fluidified 
fat. No enveloping capsule was visible. The tissue was gently curetted away 
until the dorsal surface of the terminal phalanx was exposed. This was found 
slightly roughened, and a minute crater was noted on its surface. The surface of 
the bone was gently' curetted until all roughening had been removed. The area 
left by the removal of the fluidified fat was then packed with petrolatum-treated 
gauze, and a dry dressing was applied. 

The postoperative healing of the wound was uneventful, and the nail grew back 
perfectly. Approximate^' one week after the operation, the patient complained 
of spontaneous pains similar to those which she had previously, but in the course 
of the next few days these disappeared, and since that time she has been free 
from pain. The cold experienced during the following winter caused no pain, 
ordinary pressure on the nail causes no tenderness, and no spontaneous attacks 
have occurred. Severe pressure on the nail still causes slight pain, but this is far 
less than before and is becoming less with each succeeding month. 

Even at the time of the operation we were still in complete ignorance of the 
true nature of the lesion. We made a tentative diagnosis of subungual chronic 
infection associated with mild osteitis and had a specimen of the peculiar atty 
like tissue sectioned by the laboratory. To our amazement a report of basa ce 
carcinoma was returned. This seemed so at variance with the clinical course an 
symptoms that we requested further pathologic consultation. Prof. James y.mg 
dispelled our doubts and put us on the right track by informing us that tie tissue 
was neither carcinoma nor chronic infection but a typical glomal tumor. 

We are indebted to Dr. H. L. Jaffe, pathologist of the Hospital for Joint 
eases, for the following description of the microscopic appearance of t le tumor 

(fig. 2). -11 

“The section shows sheets of endothelioid or epithelioid-like cells. These cc s 
are fairly large and polyhedral and contain round vesicular nuclei ( )• lc 

cells are hyperchromatic. Numerous vascular spaces are observed etveen ’ 
sheets of cells, and these spaces are lined by more-flattened cells (B). e sc ^ 
also reveals scattered areas containing more or less mucoid neural elements 
The cellular picture displays a general uniformity” (fig. 2). 

As no mention of this unusual type of neoplasm had been made 
in American medical journals, and because our colleagues reveaec 
almost universal ignorance relative to it, a thorough review o t te o 
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Fig. 1. — The middle finger of patient E. 11. : showing the thar.u l< :i«tii 

appearance of a subungual glomal tumor; li, at the time of operation, v.lnn a 
portion of the nail had been removed preparatory to c>:ci-ion of the tumor. 
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eign literature was made so that we might present a comprehensive 
view of the subject. 

During the course of our study cases 2 and 3 were brought to om 
attention. In the first of these Dr. Louis Carp ot the Hospital tor Joint 
Diseases operated; in the second. Dr. Milton Friedman ot the Newark 
Beth Israel Hospital. 

Case 2.— R. L., a woman aged 47, was admitted to the Hospital tor Joint lh'- 
eases on July 17, 1933, in the surgical service of Dr. P. Grnusman. with the follow 
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Fig. 2. — Microscopic section of the glomal tumor removed from patient E. B. ; 
X 150: A, endothelioid or epithelioid-like cells containing round vesicular nuclei; 
B, vascular spaces lined with flat cells; C, mucoid areas representing neural 
elements of the glomus. 


ing complaints : first, a small growth at the tip of the left little finger of eighteen 
months’ duration ; second, pain in the left arm, slight for sixteen years, but severe 
for the past three months. She had had three attacks, each lasting from two to 
three days, in which pain radiated upward from the finger to the heart and 
caused a cramplike sensation in that region. There was no history of injury to 
the finger. The mass had been enlarging very slowly. 

On examination, the volar and posterolateral aspects of the base of the terminal 
phalanx of the left little finger showed a bony-hard swelling the size of a large 
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pea, apparently attached to the hone. The contour was regular, and the area was 
tender to touch. Motions of the finger were normal, and there was no adenopathy 
or other sign of inflammation. The x-ray photograph was normal except for a 
very slight crater-like defect in the cortex beneath the tumor. 

At operation on July IS, a 2 cm. lateral curvilinear incision was made into the 
distal anterior closed space. Here was found a whitish rounded mass of moderate 
density, about 2 cm. in diameter, loosely embedded in the hollow of the phalanx, 
as shown on roentgen examination. The mass was removed by sharp dissection 
and the incision closed without drainage. Healing was uneventful. The pain dis- 
appeared and has not recurred. 



Fig. 3. — Microscopic section of a glomal tumor removed from patient K. L.; 
X 150: A, vascular spaces lined by flattened endothelium; B, vascular spaces sur 
rounded by cells with reticular pale blue-staining cytoplasm , C, neural e erne 


An operative diagnosis of neuroma was made, but the report from the pat 10 
laboratory indicated that the growth was a typical glomal tumor ciosel) resem > 
that removed by us two weeks before. are 

The microscopic report (Dr. Jaffe) was as follows (fig. 3) • ,erc 
numerous small vascular spaces. The walls of some of these vascu ar spac s • ^ 
made up only of flattened endothelium (A), but in other spaces the wing 
thelium is surrounded by a layer of cells of varying thickness ( )• ^ 

vascular cells are of moderate size with reticular pale blue-staining c> op £S 
mostly oval deeply staining nuclei with nucleoli. Between these \ascua 
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there are some areas containing dear, more or less structureless matter. In other 
areas there is an extremely loosely woven mesh of what appear to he neural 
elements (C).’’ 


Dr. Friedman’s patient complained of a tumor of the terminal pha- 
lanx of a finger, but unlike the tumors in the first two cases, this was 
of recent origin and caused no pain. 


Case 3. C. 0., a woman aged 35, noted a small reddish tumor near the tip of 

the right ring finger, which began bleeding one week after its appearance in April 
1933 and continued to bleed intermittently for three months, until she consulted her 
physician, Dr. Henry Kessler, who referred her to Dr. Friedman. His examination 
disclosed on the lateral aspect of the tip of the right fourth finger, a red hemangio- 
matous tumor, 8 mm. in diameter, raised 1 mm. above the line of the skin and 
extending down into the skin approximately 4 mm. It was not tender. On the 
surface was a small clot of blood. The border of the tumor was firm, thin, not 
raised. The results of the physical examination were otherwise negative. The 
tumor was removed on June 17 by endothermy under local anesthesia. Microscopic 
examination showed a typical glomal tumor closely resembling the tumors shown 
in figures 2 and 3. The wound healed without complication, and there has been 
no recurrence of the tumor. 


Tumor of the neuromyo-arterktl glomus, to give this tiuy eutity 
its full name, was originally described in its present complete form 
by Masson of Strasbourg, France, in 1924. He based bis report on 
researches and on thorough microscopic studies of the tissues obtained 
from two subungual tumors presented clinically in 1922, by Barre of 
Strasbourg. After thorough histologic examination of the tissues, par- 
ticularly those prepared with his special nerve stains, Masson arrived 
at the following conclusion : These tumors are benign outgrowths of a 
structure normally present in the skin and subcutaneous tissue of the 
entire body. This structure has in all probability been incompletely 
described under the name of “organ of Ruffmi.” From the histologic 
description presented in the following paragraph, he concluded that 
these structures which he called “neuromyo-arterial glomus bodies” were, 
as the result of their complicated vascular and neurogenous elements, 
, regulators of the blood supply of the capillaries and arterioles of the 
skin and thus indirectly regulators of the temperature of the skin. He 
concluded that the tumors which he had been called on to diagnose 
were hardly more than enlargements, of the normal glomal bodies, but 
with greater disorder of the elements, so that their relative proportions 
varied from case to case. 

The following description is a translation from an article on glomal 
tumors by Hopf of Bern, Switzerland, in which he paraphrases Masson’s 
description of the normal neuromyo-arterial glomus. Owing to its 
brevity it is given rather than the lengthy original of Masson 


An afferent arteriole carrying blood from the interior of the bodv forms 
ma,or part of the glomus by dividing into from two to four thick-walled branches 
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with narrow lumens. From two to six vasa effcrcntia with wide lumens and much 
blood complete the glomus and unite it to the venous capillaries and veins of the 
skin. 1 lie thickened wall of the afferent arteriolar branches forms the major his- 
tologic feature of these bodies. Their lumens are narrow and empty only because 
of the absence of the “elastica interna,” and collapse unless special precautions are 
taken. The endothelium consists of large cells with homogeneous protoplasm and 
large nuclei full of chromatin. Next to the endothelium are four or five layers 
of spindle cells arranged circularly. These cells are short and thick, with oval 
nuclei. On the periphery of their lightly staining protoplasm are myofibrillae, 
which are found in greater profusion nearer the endothelium than away from it. 
This circular layer of muscle fibers forms one half of the thickness of the wall. 
The other half, not sharply demarcated from it, consists of irregularly placed long 
pale cells with oval nuclei, and others which are larger and more regular and look 
like epithelioid cells. The former are thickened opposite the nuclei and send out, 
as ganglion cells do, protoplasmic projections which often unite on the peripherv 
to compact bundles of fibers, and form a network which encircles the arterioles. 
They are called nonmyelinated nerve fibers by Masson because they have thin 
collagenous sheaths and some rodlike nuclei. These fibers are in communication 
with the much less well constructed network of periarterial sympathetic fibers of 
the afferent artery. Between the cells which form the wall of the vessel are some 
very fine collagenous fibers and also a few elastic fibers. The structure of the 
walls of these vessels is similar to that of a normal artery, but with the charac- 
teristic changes due to the local differentiation. The walls of these arterioles form 
a unified neurovascular system called by Masson the “neuromyo-arterial glomus.” 

Masson’s original article on subungual glomus tumors was followed 
by the report of two similar cases by Martin and Dechamne in 1925. 
In 1927, Masson and Gery and Prodanoff widened the location of the 
lesion by reporting cases in other parts of the body. To the time of 
the present report twenty-six cases have been described. Grieg of 
Edinburgh in 1928 pointed out that this new entity probably coincides 
with the condition known in the older literature as “painful subcuta- 
neous tubercle.” Hopf’s article in 1930 pointed out a probable simi- 
larity of the condition to that in other cases reported in the literature 
under different names. We have collected all reports of proved cases of 
glomal tumor and also those we could obtain from the older literature 
dealing with conditions which, while differently diagnosed, appear to have 
been similar clinically and pathologically (so far as the pathologic picture 
is described in the original articles) and appended these to our list as 
probable instances of glomal tumor. 

CASES OF TUMOR PATHOLOGICALLY PROVED TO BE GLOMAL TUMOR 

Masson, 1924. — Case 1. — An 18 year old girl had complained of pain in the 
left middle finger for five years. The pain occurred several weeks after an injury 
to the finger-nail when a desk drawer was slammed on it. The pain had gradually 
become worse and at times was excruciating. It radiated up the arm to the 
shoulder and then down the body as far as the hip of the same side. There was 
a constant dull pain, with exacerbations occurring spontaneously and relieved some- 
what by cold water. Examination showed a bluish spot under the nail, which was 
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otherwise normal except for the marked tenderness to pressure. Slight atrophy of 
the arm and Horner’s syndrome on the same side were discovered. Skm tests 
showed increased warmth and hyperesthesia on the same side. No evidence of a 
lesion of the central nervous system could he found hv spinal tap. A partial sec- 
tion of the sensory nerves to the hand gave only temporary relief, hinally Barre 
removed the nail, and a pea-sized subungual tumor was discovered and easily 
removed. Postoperatively the patient had considerable pain for two days and then 
gradual relief coupled with the disappearance of Horner’s syndrome and the sensory 
changes. Six months later she was completely cured. 

Case 2.— A man complained of lancinating pains in his left index finger for 
thirty years. There was no radiation of the pains nor any history of trauma. The 
pains were increasing. Exacerbations were produced by cold and relieved by heat, 
so that the patient had to wear a glove constantly. Examination showed a bluish 
spot under the nail, and the latter was slightly raised centrally. Encouraged by 
the first case, Barre removed the nail and discovered a similar pea-sized tumor. 
Complete relief of the symptoms ensued the day after the operation. 

Case 3. — A 23 year old nurse had had increasing pain in the nail of the index 
finger for six years. The nail was removed sufficiently to enable Barre to excise 
a subungual tumor, with resultant complete cure. 

Marlin and Dcchaumc, 1925 . — Case 4. — A 40 year old woman had a small tumor 
under the nail which lifted the nail somewhat, and which had developed following 
a slight trauma. Removal of the tumor cured the condition, which has not 
recurred. 

Case 5. — A 70 year old woman had a subungual tumor which developed fol- 
lowing slight trauma to the nail twenty-five years previously. There were spon- 
taneous pains and marked tenderness to pressure. Removal produced complete 
cure. 

Masson and Gcry, 1927 . — These authors were the first to publish a report of 
cases of glotnal tumor outside of the subungual region. 

Case 6. — An 82 year old man had had a pea-sized tumor in the subcutaneous 
tissues of the right thigh for ten years. This caused constant pain which became 
worse till removal of the tumor produced a complete cure. 

Case 7. — A middle-aged man had suffered an injury fifteen years previously, 
and following this a small tumor developed in the thigh, which caused marked 
pains. Removal gave complete cure. 

Case 8. — In a pathologic collection Masson and Gery found a tumor which had 
been removed from a 69 year old man. 

Case 9.— In a pathologic collection Masson and Gery found a small tumor from 
the subcutaneous tissue of the forearm. 


Prodanofj , I927.-Case 10.-A 68 year old man had had an injury twenty-two 
years previously. Nine years later, pains developed in his left thigh, which became 
constantly worse, so that even the contact of his trousers on the tender area was 
unbearable. As he walked around he kept his hand in his pocket to prevent con 
tact of the clothes with the skin at that point. At operation a small tumor was 
found on the inner side of the thigh. It was round, soft, red, 11 mm . in diameter 
and its removal was followed by complete cure. ’ 

1 f( !rV 9 t C ? 1L '~ A 31 y6ar °' d woman > had suffered pains under the 
left thumb-nail for four years with no known etiologic factors TV, 

lancinating. ’ The condition was thought to be due to a foreTun U A 
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day, radiating lip the arm to the shoulder. Neurologists thought that the patient 
was suffering from a tumor of the spinal cord. Finally a tumor was seen under 
the nail and removed, with complete cure. The tumor was small, soft and red. 

Bound, 1927. — Cask 12.— A 46 year old woman had had pains under the nail of 
the right little finger since the age of 10. The nail was extremely tender. 
The pains were relieved by cold. They had been severe for many years, during 
which the patient had had many different types of nonsurgical therapy without 
relief. The patient was quite willing to have the arm amputated in order to obtain 
relief. An x-ray photograph showed a slight hollowing of the distal phalanx. At 
operation the distal phalanx was disarticulated and complete relief obtained. 
Pathologic examination showed a glomal tumor in the subungual tissue. 

Grcu;, 192S. — Case 13. — A 42 year old man had had three small nodules in 
the subcutaneous tissue of the right deltoid region for ten years following an 
injury. These tumors were painful on pressure and painful spontaneously or when 
the weather changed. Excision brought about a cure. 

Case 14. — A 33 year old woman had had a nodule in the left calf for eight 
years, which was tender to pressure, painful when the temperature changed from 
cold to hot and vice versa, and also painful for about an hour if she stood up 
after sitting a long while. Excision gave cure. 

Lortal-Jacob and Brossc, 1928. — Case 15. — A 41 year old woman had had pain 
in the left hand for sixteen years, not following trauma. At first there had been 
a sensation of tingling; gradually a burning sensation developed which became 
severe and, though felt in the entire hand, appeared to come from the tip of the 
fourth finger. Finally, pains developed which radiated up the entire arm. The 
pains were decreased by immersion of the hand in warm water. Soon a bluish 
spot appeared under the nail, and from then on there occurred frequent crises of 
acute pain brought on by pressure on the nail or by cold, so that she was forced 
to wear a glove constantly. Four years after the onset, the nail was removed to 
cauterize the bluish spot but to no avail. For three years there had been a slight 
elevation of the nail, making it more convex. Besides the bluish spot and the 
convexity of the nail, the findings were negative. Removal of the nail disclosed a 
subungual tumor, which was removed, with complete relief. 

Ianichewski and Lcbcl, 1928. — Case 16. — A 50 year old woman had had pains 
in the left fourth finger for eighteen years, not following any trauma. The pains 
were increased by cold and dampness and relieved by heat. The finger was 
extremely tender. The patient was unable to work and walked around wearing 
a fur glove. A nerve block was attempted, with temporary relief. Examination 
showed a bluish spot in the palmar aspect of the finger underlying which was a 
tumor the size of a pea. Its removal produced complete cure. 

Hopf, 1930.— Case 17.— A SO year old woman had had spontaneous pain over 
the left acromion for ten years, which increased under pressure, at night and 
on changes of weather. A subcutaneous tumor, bluish, the size of a pea, cou t 
be palpated. This was removed, and complete cure followed. 

Case 18.— A 78 year old woman had had a slowly growing tumor in the palmar 
aponeurosis for many years, which was not painful, but tender, and b ms i. 
Removal resulted in complete cure. 

Case 19.— A 47 year old man had had a small, slowly growing tumor in the 
left leg for many years. This was painful and blue. On removal it was so 
but sharply defined. Complete cure followed. 
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Case 20— A 65 year old man had had a painful ttmwr in the thigh for four 
years. Removal yielded cure. 

Picard, 1931.— Case 21 —A 49 year old merchant had had a slowly growing 
enlargement of the left index finger just proximal to the nail for a long time. 
There were no subjective symptoms, no pains. 1 lie condition did not follow 
any trauma. Operation revealed three small tumors. No recurrences were apparent 
sixteen months later. 

Dufonl, 1931 .— Cask 22— A woman complained of terrific pains in the upper 
extremity, and the surgeon, finding a swelling of the finger with osseous lesions 
cn roentgen examination, decided that it was a sarcoma and disarticulated the 
distal phalanx. 

Case 23.— This was a specimen sent for pathologic examination without any 
history. 

Fernandez and Mousse rat, 1931.— Case 24.— A 38 year old man had complained 
of pains in both ears for four years, during which time four or five small tumors 
appeared and disappeared on the helixes of the ears. These tumors were very 
small, superficial to the cartilage and not attached to it. The pains were spontaneous 
and also induced by pressure, so that the patient had great difficulty, when going 
to sleep, in lying in such a way that nothing touched his cars. The pains frequently 
radiated to the head. Under local anesthesia, the tumors were removed. During 
the operation much bleeding was encountered. (If it were not for the proved 
pathologic diagnosis, this condition would appear to be outside of our group of 
cases, as the tumors were bilateral, appeared and disappeared, and finally, removal 
was accompanied by much bleeding.) 

Costa, 1932. — Case 25. — A 50 year old woman had had pains in the left upper 
extremity for over ten years with no traumatic history. Onset occurred with 
tingling in the left index finger, followed later by pains as though the finger were 
being pierced by a needle. These lancinating pains then radiated to the shoulder 
and thorax. They were worse at night. They were also increased by using the 
hand, by changing its position, by changes of temperature and by pressure on the 
nail. Cold water gave some relief. Gradually the nail became lifted by a blue-red 
subungual tumor. There was atrophy of the muscles of the hand and forearm. 
Neurologic examination gave negative results, but it was difficult to examine the 
patient because of the extreme pain and tenderness. At operation a tumor, 12 by 
5 mm., was removed, with almost immediate relief. Complete cure resulted. 

PauUan, Slcjan-Popcscu and Marinese o-Slatiua, 1933. — Case 26. — A 32 year old 
woman had been suffering from pains and a burning sensation in the right upper 
extremity for a long time. These w-ere accompanied by a feeling of warmth on 
tlie entire right side of the body and the face. A violaceous spot was found under 
the right third finger-nail, pressure on which reproduced these sensations. Careful 
reading of the cutaneous temperatures showed that areas on the right side of the 
body had temperatures from 1 to 2 degrees higher than those of the corresponding 
areas on the left side. Removal of the tumor produced cure of all symptoms. 


PROBABLE BUT UNPROVED CASES OF GLOMAL TUMOR 

Wood 1812.- Wood discussed cases of “painful subcutaneous tubercles" 
He stated that these are tumors the size of a pea or coffee bean, found in women 
m the subcutaneous tissue, not adherent to the skin or deeper tissues, located rnoM 
usually on the extremities, although they may be anywhere. They all cause 
paroxysms of pain radiating centrally, are frequently affected by 'changes of 
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temperature and are frequently bluish. They' may be tender constantly or only 
during a painful crisis, and their removal is easy and produces complete cure. 

Cask 1. A 30 year old woman had three nodules over the gluteus maximus 
muscle. Their color was normal. There were frequent attacks of pain in this 
area brought on by the friction of clothes. Their removal gave complete cure. 

Cask 2. — A 70 year old woman had had a tubercle at the right knee for 
thirteen years which made her miserable with paroxysms of pain lasting from thirty 
to ninety minutes. During the paroxysms the tumor was tender, but in the intervals 
it was not. The color was normal. Removal resulted in cure. 

Cask 3. — A 28 year old woman had had a tumor on the outer side of the 
right leg for seven years, with paroxysms of pain during which it became bluish. 
The pains increased in severity. Removal produced cure. 

Cask 4. — A 50 year old woman had had a tubercle in the middle of the right 
arm for twelve years with pain radiating to the shoulder and down to the fingers. 
The color was unchanged, but the nodule became tender during the paroxysms. 
Removal gave cure. 

Cask 5. — A 29 year old woman had had a lump over the left gastrocnemius 
muscle for twelve years which grew slowly and caused shooting pains. Removal 
cured this condition. 

Case 6. — A 33 year old woman had a tubercle on the left forearm causing 
exquisite pains, which were relieved by its removal. 

Case 7. — A 57 year old woman had experienced an injury to the right calf ten 
years previously with resulting formation of a small nodule. This had a reddish 
tinge and caused pains which were increased by heat or cold. This was not 
operated on. 

Case 8. — A 40 year old woman had had a tumor at the right elbow for ten 
years. There were paroxysms of pain during which the tumor became bluish. 
Removal cured these symptoms. 

Paget, 1853 . — In his lectures on surgical pathology, Paget described a group 
of tumors which, despite their size and apparent innocuousness, were remarkable 
for the pain they caused. He differentiated them from fibrocellular and fibrous 
tumors by the pain. They were not neuromas. The majority of them were in 
women and rarely did a patient have more than one. They never grew over 
Yz inch (1.27 cm.) in diameter, usually lay just below the skin, had a capsule and 
were not adherent to any other tissues. After removal they never recurred. He 
referred to Wood’s paper as his authority. 

Crompton, 1853.— Case 9.— A 16 year old girl had had frequent attacks of 
excruciating pain in the tip of the middle finger for three years. Removal of a 
small tumor, the size of a snipe shot, revealed a fibrous structure with apparently 
no nerve connection and produced complete cure. 

Schuh, 1862.— This author, describing various neoplastic conditions, mentioned 
a case of a tumor which is called “colloid sarcoma” by Heller: 

Case 10. — A young woman had had pains in the right thumb for many years, 
increased by weather changes and the slightest touch. The pains radiated tip the 
course of the median nerve. Examination showed a pinhead-sized gra> spot un or 
the nail. At operation a pea-sized tumor was removed and complete cure obtanie 
Clear fluid exuded from the tumor. 
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Labbc and Lcgros, 1870.— In discussing neuromas, Labile and Lcgros mentioned 
the following cases: 

Case 11.— A young woman 22 years old had had a tumor on the right calf 
for three vears, with occasional pains at that point. When she became pregnant, 
the tumor’ became very painful and very tender on direct pressure. Examination 
two months later showed a small bluish tumor and its removal cured all symptoms. 

Case 12.— A young woman aged 23 had had a small tumor on the right calf 
for five years, which became painful three years before examination. The pain 
increased and radiated to the foot. Removal resulted in cure. 

Case 13.— A 37 year old man had had a little tumor on the right fourth finger 
for about nine months, causing terrific pain, which radiated up the entire extremity. 
Examination showed a bluish spot. After removal of the tumor the pain 
disappeared. 

Tillaux, 1870.— Case 14.— A young woman, aged 25, had a small tumor super- 
ficiallv located in the upper interna! quadrant of the right breast, whose cause and 
duration were unknown. It caused pain in the breast and right upper extremity, 
preventing her from sleeping and making work difficult. It was slightly tender. 
Removal resulted in complete cure. Although the author found adenomatous tissue, 
he diagnosed the growth as painful subcutaneous fibroma. 

Kolaczck, 1878 . — Writing about an entity known as angiosarcoma, Kolaczek 
described a tumor as follows: 

Case 15. — A 42 year old woman had had terrific pain under the nail of the 
right big toe for four years. A soft, gray, pea-sized tumor was removed, pro- 
ducing complete cure. The microscopic reports are very similar to the description 
of a glomal tumor. 

Monad, 1879 . — Monod described one of three cases of a condition called by 
Trilat “painful subcutaneous angioma” : 


Case 16. — A 50 year old woman had had a tumor on the back of the right 
elbow for two years following an injury. The tumor was subcutaneous and not 
adherent. It was bluish and was very tender. It grew slowly and caused increas- 
ing pain, which was worse at night. Removal produced cure. It is stated that it 
was the pressure of the tumor on the adjacent nerves that caused the pain, as no 
nerves were found in the tumor. 

Cliandclux, 1882 . — This author presented a paper on his researches into the 
pathology of “painful subcutaneous tubercles.” He stated that these are small 
painful nodules found under the skin in various parts of the body which have been 
described innumerable times and given almost as many names. Owing to the fact 
that various investigators used different stains, they emphasized different factors 
and therefore called the tumors “fibroma,” “neuroma,” etc. Bruce and Paget 
thought that the pain depended on the patient’s disposition. 


Case 17.— A 54 year old man had had a pea-sized tumor on the right forearm 
for twenty-five years with lancinating pain radiating from it, either following 
pressure or spontaneously. The tumor grew slowly and only to a slight extent 
The patient found that strong compression on the entire arm by a bracelet at that 
level gave relief. There was a reddish discoloration of the skin’ Removal resulted 
m complete cure. The pathology seemed very similar to that of glomal tumor 


Case 18 . — A 43 
fossa for six years. 


year old woman had had 
The pain was terrific and 


a small tumor in the right cubital 
occurred spontaneously or following 
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pressure. The tumor was felt subcutaneously, and there was a bluish color to the 
skui. Removal cured the condition. The tumor had a microscopic appearance 
similar to that in the previous case. 

Cask 19.— A 16 year old girl had had pain in the left fourth finger under the 
nail for two years. The pain gradually became intense, so that the patient could 
not sleep. 1 he nail was raised slightly. A reddish pea-sired tumor was removed 
with resultant cure. 

Case 20. A 46 year old woman had had pains in the right fourth finger in the 
paunar aspect of its first phalanx for four years. This pain radiated up to the 
shoulder and down to the abdomen. A pea-sized tumor with no decided color 
changes was removed, and this cured all the symptoms. 

In conclusion, Chandelux expressed the belief that such tumors are painful, not 
because they are neuromas, but because they compress nerve ends by their growth. 
They are vascular and therefore cause coloration of the skin, and they have a 
varied pathology. The spontaneous pains occur when the turgescent vessels expand 
and press on the nerve endings. 

Kraslrc, 1S8 ~. — This author described two subungual tumors and the character- 
istics of such tumors. They are benign, have a slow growth under the nail, 
hollow out the underlying distal phalanx, produce a blue discoloration, but have 
a gray-red color themselves. 

Case 21. — A 42 year old woman had had a pain under the left middle finger- 
nail for twelve years following an injury. There was a blue spot under the nail. 
The finger was amputated and revealed a gray and red pea-sized subungual tumor, 
which was not attached to the bone, and which presented a microscopic picture 
very similar to that of a glomal tumor. 

Case 22. — A woman in the forties had had terrific pain in the left thumb 
for twenty years. There were marked tenderness to pressure and radiation of pain 
to the shoulder. A pale pea-sized tumor was easily removed from the subungual 
region, with complete subsidence of all symptoms by the following morning. The 
microscopic picture was the same as that in case 21. 

Chisholm, 1889 . — Case 23. — A 27 year old woman had had slight twinges of 
pain in the middle of the third phalanx of the right fourth finger on its ulnar side 
for fourteen years. This pain was like a toothache ; it was increased by excitement, 
exposure to cold and changes in temperature, but lessened by heat. Menstruation 
and two pregnancies had increased the pain, but a third pregnancy did not affect it. 
All treatment had been unavailing and an exploration a failure. Examination 
showed a tender slight elevation of the skin, of a bluish color. Under tourniquet, 
Chisholm removed a round body the size of a pea, soft, lying close to the bone 
but not adherent to it. Removal cured the condition. Prior to operation he had 
discussed the case with surgeons of the Massachusetts General Hospital in Boston 
and was advised that they had seen several similar cases, in all of which a small 
tumor was found at the seat of the pain causing the pain by pressure on nerve 
endings. Chisholm suggested that the tumor might represent hypertrophy of a 
pacinian corpuscle. 

Muller, 1901 . — In discussing eleven cases of tumor of a finger, M filler described 
a condition called by him “subungual perithelioma” : 

Case 24. — A 44 year old woman had injured the nail bed of the right fourth 
finger twenty-three years previously. A small blue spot formed under the na. aw 
remained there. There were spontaneous pains and also pains caused by c )an 0 cs 



RAISMAN-M AY ER-KliUROMYO- ARTERIAL glomus TUMOR 923 


of the weather and bv dipping the finger into hot or cold water, Examination 
showed the nail to be slightly lifted, with a blue spot underneath. A small blue- 
gray tumor was removed which was not attached to the bone and had a microscopic 
appearance similar to that in the cases described by Kraske, Kolaczek and Schuh. 

Batignc and Gaudy, 1901 .— These authors described two cases of “fibro- 
myomatous angioma of the finger”: 

Case 25— A 45 year old man had a small tumor in the middle phalanx of the 
left fifth finger for six months. It was bluish. 1 he skin was neither adherent 
to it nor affected. The tumor was removed with ease. It was soft. Rapid healing 
and complete cure ensued. 

Case 26.— A 25 year old woman had had an enlargement of the palmar surface 
of the first phalanx of the right fourth finger for five years. There had been a 
slow steady increase in size. There was slight discomfort on motion of the finger. 
A tumor was removed with resultant cure. 

Lcmpcrt, 1905. — Discussing subungual angiosarcoma, Lempcrt includes 
Kolaczek’s and Kraske's cases with the following : 

Case 27. — A 52 year old woman had had pain under the left third finger-nail 
for ten years. These pains increased. Every motion of the finger hurt. No 
trauma was reported. Examination showed the nail to be slightly lifted, with a 
feeling of slight fluctuation beneath it. There was no discoloration. An x-ray 
photograph showed slight atrophy of the distal phalanx. At operation a tumor 
the size of a cherry stone, encapsulated and grav-red was removed, with resultant 
cure. The same pathologic observations were made as in Kolaczek’s case. 

Heller, 1927 . — Heller discussed subungual tumors, mentioning the cases of 
glomal tumor described by Masson, in which classification he included one of 
Kraske’s cases. Under the term “angiosarcoma” he included Kolaczek’s case, 
Lempert’s case and Kraske's other case, with one reported by Konig in which 
there were multiple tumors of the toes with metastases. (The case observed by 
Konig is in our opinion not one of glomal tumor.) He calls the condition in 
Muller’s case “perithelioma” and that in Schuh’s “colloid sarcoma.” 

Carstcnscn, 1927 . — Writing on subungual tumors, Carstensen discussed sub- 
ungual angiosarcoma without being aware of Masson’s glomal tumor. She classed 
her case with Kraske’s and Kolaczek’s and called them all instances of “perivascular 
endothelioma.” 


Case 28. — A 27 year old woman had had increasing pains in the tip of the 
right fourth finger for twelve years. These were increased by cold and relieved 
by beat. Examination showed a bluish red spot under the nail, and the latter 
was somewhat raised. Removal of the tumor produced complete cure. 

Grieg, 1928 .— Besides describing two proved cases of glomal tumor, Grieg offers 
one which was not proved pathologically ; 

Case 29.— A 70 year old man had a tumor slightly larger than a pea in the 
right thigh which was tender and sensitive to changes of temperature. No history 
of injury was obtained, and no treatment was given. 

Hopj, 1930. Besides reporting several proved cases, Hopf described another 
case as follows : 


Case 30.-A 65 year old man had had an injury to his left leg forty-eight 
years ago. A tumor formed, the size of a hazelnut, which was painful for a few 
months The pathologic report was that it was not a typical glomal tumor, and 
Hopf thought that it might be a “transitional type” of glomal tumor. 
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Eiscnkhm. 1931 .— Discussing subungual tumors, Eisenklam divided them into 
benign, transitional and malignant groups. Without mentioning glomal tumor, he 
placed tumors with clinical histories similar to those of glomal tumors in both 
his transitional and malignant groups. Those with a pathologic diagnosis of 
sarcoma or carcinoma he placed in the malignant group despite the fact that, as 
he admits, they are frequently very similar to those in the transitional group. 

Case 31. A 65 year old man had the nail of his right big toe lifted by a 
tumor the size of a pea, diagnosed myxoma. 

Case 32. — A SO year old man had had an injury to his middle finger one year 
earlier. A blue spot was evident under the nail, and the latter was slightly raised. 
A tumor was removed from the subungual region, and basal cell carcinoma was 
diagnosed. There were no metastases, and the patient was fully recovered six 
months later. 

Case 33. — A 51 year old man had had an injury six months previously. The 
finger-nail was tender, and there was a blue spot under it. The nail was slightly 
lifted. Despite the diagnosis of round cell sarcoma, Eisenklam placed this case 
among those of the transitional group. 

DIFFERENTIAL DIAGNOSIS OF GLOMAL TUMOR 

Although a positive diagnosis can be made only by microscopic sec- 
tion, the clinical course and symptoms of a glomal tumor are so char- 
acteristic that, as a rule, a reasonably certain clinical diagnosis should 
be made with ease. Only one tumor, the subungual melanoblastoma, 
may cause difficulty in differentiating a glomal tumor. 

If the glomal tumor is not situated beneath the nail, it must be 
differentiated from the smaller tumors of the skin and subdermal tis- 
sues. This is easy with respect to warts, nevi, lipomas, fibromas and 
small sebaceous cysts. Only with respect to the single small superficial 
neuroma is there room for doubt. As a rule, however, a neuroma in this 
situation is multiple, not single, and occurs along the course of the 
cutaneous nerves. 

If the glomal tumor is subungual, it must be distinguished from the 
following benign growths : 

Subungual Exostosis. — This should be bony hard, demonstrable by 
x-ray photograph and not productive of either lancinating pains or a 
bluish subungual discoloration. It idso occurs more common!}' in chil- 
dren and young adults. 

Subungual Clavus, or Corn. — This benign tumor ma}' be painful, 
it occurs at any age of life, and until it grows large enough to protrude 
beyond the nail it cannot be properly diagnosed. However, it does not 
cause the bluish discoloration or the excruciating pain. 

Subungual Papilloma. — This entity is uncommon. Eisenklam men- 
tioned a 20 year old woman who had a painful warty growth under 
the nail of the left big toe, which was proved to be a papilloma. Unless 
this grows large enough to be seen or to elevate the nail markedly, 



RAISM AN-M AY ER — NEUROMYO- ARTERIAL 


GLOMUS TUMOR 


925 


a differential diagnosis cannot be made except by the absence of the 
bluish discoloration and the sharp pain. 

Subungual Fibroma.— This benign tumor, as reported hv PolM 
and Dubreuilh, occurs on various fingers and toes, distorting them and 
the involved nails. Eisenklam, however, reported a case in a 26 year old 
woman, in which an ulcerating tumor pushed off the nail of the big 
toe and was proved to be fibroma. Again one notes absence of marked 
pain and bluish discoloration besides presence of a large neoplasm 
and multiple tumors. 

Subungual Enchondroma.—ln two cases of multiple cnchondroma, 
as reported by Heller, there were also subungual tumors, but the mul- 
tiplicity of the tumor provided an easy means of differential diagnosis. 

Subungual Angiokeratoma. — Under this heading, Schaumann 
described a tumor under the nail of the right index finger which had 
started two and a half years previously. There was a red spot under 
the nail. The tumor grew until it extended beyond the nail, when a 
biopsy was performed and the diagnosis made. It was treated and 
cured by radiation. Thus this rare tumor differentiates itself by its 
growth and radiosensitivity. 

Bocck’s Sarcoid. — Haberman presented two cases of subungual 
Boeck’s sarcoid in conjunction with lesions on other parts of the body. 
The tumor is an ovoid, hard, paronychia-like lump with a blue-red color 
and causes marked damage to the growth of the nail. The characteristic 
appearance of Boeck’s sarcoid on the skin when viewed through a glass 
slide pressed on it is duplicated by the appearance as seen through the 
nail. 


Sutton’s Tumors. — Sutton reported two cases of tumor at the base 
of the nail, the definite diagnosis of which he was unable to make. In 
one case the growth was excised and cure followed; in the other it 
disappeared on irradiation. 


Mclanoblastoma. — Of the malignant neoplasms, the most important, 
both numerically and because of the difficulty of differential diagnosis, 
is the melanoblastoma. Melanoblastoma is the most common malignant 
subungual tumor, commencing in the majority of the cases very benignly 
following a slight injury or infection of the subungual tissue. After 
a period of from months to five years, ulceration of the subungual 
tissue occurs with either spontaneous or operative removal of the nail 
The wound does not heal, and finally pigmented dots are noted The 
growth of the tumor has been slow, and usually by the time a diagnosis 
is definitely made, metastases have already occurred, so that the proe 
nosis is hopeless. Only three exceptions are reported in which earl v 
diagnosis and prompt amputation of the affected digit may have nr/ 
vented metastases. Prior to the appearance of ulceration and deposit 
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of black pigment, the tumor frequently is benign looking. Common ly 
the bluish-black spot seen under the nail resembles somewhat that seen 
with the glomal tumor. Microscopically there is not the least resem- 
blance between the two tumors. 

Sarcoma . — True malignant sarcomas with metastases do occur but 
very infrequently, if the benign tumors previously incorrectly called 
“sarcoma” are excluded. Heller cited seven cases of sarcoma with 
metastases from the literature. Eisenklam reported a case of “round 
cell sarcoma” in which a 14 year old girl had a painful swelling of the 
left big toe. This ulcerated and discharged material through a fistulous 
opening. A pea-sized blue-red tumor was removed from under the nail. 
Wurmbrund reported a case of chondrosarcoma. 

Carcinoma . — Under this heading a case was reported, by Pinheiro- 
Chagas, of a 60 year old laborer whose big toe had been injured eighteen 
years earlier. A tumor developed in the nail matrix of the toe; it was 
proved pathologically to be an epithelioma. Heidingsfeld wrote of a 60 
year old man who had had ulcerations at the base of the right thumb-nail 
for nine years. This area was very tender and the trouble caused inca- 
pacitating pains. All treatments had been unsuccessful till Heidingsfeld 
used radium, with which he obtained complete cure. Under this heading 
we are including a case reported by Suter of a 39 year old man who 
had cut his left thumb eight years earlier. Following this the nail began 
to curl under and grew into the pulp. Later the thumb became swollen 
and was extremely painful. The swelling and pain were exaggerated 
when the thumb was crushed in a second accident. The patient entered 
the hospital with a tumor the size of a hazelnut, for which part of the 
thumb was amputated. Pathologic examination revealed the tip of the 
distal phalanx eroded and invaded by tumor cells. Apparently complete 
cure resulted. 

SUMMARY 

Three cases of glomal tumor, the first to be recorded in the American 
literature, are added to the list of twenty-six cases previously reported. 1 
This benign tumor, first authentically described by Masson in 1924, 
develops from a structure normally present in the skin and known as 
the glomus. It is probably identical with the “painful subcutaneous 
nodule” reported by Wood in 1812, referred to by Paget in 1853 and 

., 1. Since this article was written, eleven additional cases of glomal tumor have 

been reported: one by Drs. Mason and Weil (Mason, M. L., and Weil, A.. Tumor 
of a Subcutaneous Glomus; Tumeur Glomique; Turneur du Glomus Neuro-Myo 
Arterial; Subcutaneous Painful Tubercle; Angio-Myo-Neurome; Subcutaneous 
Global Tumor, Surg. Gynec. & Obst. 58:807 [May] 1934) and ten cases reporte >y 
Dr. Adair (Adair, F. E. : Glomus Tumor: Clinical Study with Report of ases ’ 
Am. J. Surg. 25:1 fjuly] 1934). 
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described by other authors as “colloid sarcoma (Heller). 
subcutaneous fibroma” (Tillaux). “angiosarcoma (kolaczek). J«umd 
subcutaneous angioma” (Monod) and “subungual perithelioma (Mul- 
ler). Thirty-three instances have been collected by us and reported :i'- 
“probable but unproved cases of glomal tumor. 

The glomal tumor has a characteristic microscopic appearance and 
a typical clinical course. It is small, usually not more than x /i inch 
(1.27 cm.) in diameter, of slow growth and long duration. It may be 
situated in anv part of the body, but the favorite site is beneath the 
nail. There it gives rise to pain of varying intensity and radiation. 
In the severe cases the pain is agonizing, almost paroxysmal, and radi- 
ates upward to the shoulder, even to the heart. \\ hen the tumor is 
not subungual, the pain is usually much less severe. Changes of tem- 
perature, particularly cold, increase the severity of the pain. Invariably, 
the tumor is sensitive to pressure. In some cases it is associated with 


neurologic or vascular changes such as hyperesthesia and increase in 
the temperature of the skin. In two cases there was slight atrophy of 
the entire arm, and in one Horner’s syndrome. Examination reveals 
a pea-sized tender tumor, which, when subungual, has almost always 
a peculiar bluish tinge showing through the translucent nail. The x-ray- 
picture of the growth in this situation may show a minute crater-like 
depression of the dorsal cortex of the terminal phalanx. 

The only effective treatment is excision by knife or by endothermy. 
If the tumor is subungual, exposure is secured by removal of a portion 
of the nail, which in our own case and in many others, regenerated 
normally. The tumor may be encapsulated as in the majority of cases, 
or diffuse as in our first patient. No metastases or recurrences after 
excision have been reported. Invariably pain has disappeared after 
removal of the tumor. 

Glomal tumor is easily differentiated from most of the cutaneous 
neoplasms. Only two of the latter may cause difficulty: first, the 
unusual single small neuroma, superficially located; second, the sub- 
ungual melanoblastoma. This very malignant tumor at one phase of 
its development is characterized by a bluish-black spot beneath the nail 
which might be mistaken for a glomus. Operation and microscopic 
section will at once make the differential diagnosis possible. " 
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OTOGENOUS ABSCESS OF THE PARIETAL LOBE 

REVIEW OF THE LITERATURE AND REPORT OF SIX CASES 

CYRIL B. COURVILLE, M.D. 

AND 

J. M. NIELSEN, M.D. 

I.OS ANGELES 

Otogenous abscess of the brain is commonly located in the temporal 
lobe or cerebellum. 1 bis dictum has proved to be true so often that 
the exceptions to it — cases of abscess in another cerebral lobe — have 
been almost entirely forgotten or ignored. The more critical reviews 
concerned with intracranial complications of otitis media refer to indi- 
vidual and often isolated cases of abscess in the frontal, parietal or 
occipital lobe. Those in the frontal lobe, perhaps because of their 
greater incidence in this “remote” group, have been given most atten- 
tion. That these more distant abscesses are not as uncommon as they 
first appear to be is indicated by their frequency in any large series of 
cases of otitic abscesses verified at autopsy. This incidence is not abso- 
lute, for an increasing percentage of patients with abscess in the tem- 
poral lobe or cerebellum are cured by surgical drainage, while abscess 
elsewhere has been almost uniformly fatal. The percentage is still 
sufficiently high to warrant a more careful study of these cases than 
they have received. 

No attempt has previously been made to study cases of otogenous 
abscess in the parietal lobe. Many monographs concerned with abscess 
of the brain do not even take cognizance of the possibility' of 
such an occurrence. Our experience with 6 examples of parietal locali- 
zation in a group of 63 cases of otogenous abscess of the brain has led 
us to believe that more attention should be given to it clinically. In this 
study an attempt has been made to discover its pathogenesis and charac- 
teristic pathology and to note particularly its symptomatology so that 
the presence of the abscess may be detected more often during life. 

REVIEW OF THE LITERATURE 

While otogenous abscess of the parietal lobe is without doubt more 
common than is generally suspected, a review of the literature fails to 
disclose many examples. A few are reported under significant titles, 

From the Departments of Neurology of the College of Medical Evangelists 
and the University of Southern California, and the Ramon Cajal Laboratory o 
Neuropathology, Los Angeles County General Hospital. 
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but most of them are included in reviews of the subject 
abscess in general or incidentally in other connections.’ 


of otogenous 


1 In this review two sources of error in reporting instances of "Otic parietal 
abscess have come to light. The first, which makes a complete collection of 
well-nigh impossible, is the mistaking of abscess ot the parietal lobe tor that of 
the temporal lobe for want of a critical interpretation of the exact site of puncture 
of the brain in the patients operated on or for want of postmortem study. 1 he 
second tvpe of error, that of designating as an abscess of the parietal lobe one 
situated in the frontal or temporal lobe, is discovered when an attempt is made to 
study the often meager details in the articles listed under this title. A brief retiev. 
of cases which are reported or cited as cases of abscess of the parietal lobe hut 
which we are inclined to classify otherwise is in order. 

In the oft cited case of Hegener (Demonstration znr J.ehrc v/un Hirnabszcss, 
Verhandl. d. deutsch. otol. Gescllsch. 16:201, 1907). for example, the lesion proved 
to be primarily an abscess of the centrum beneath the lower portion of the right 
precentral convolution which also extended caudnlly to lie partially beneath the 
postcentral gyrus. The abscess in another case cited in this article ( from Manasse's 
clinic) evidently lay beneath the left superior temporal convolution. In both 
instances the abscess was associated with thrombosis of the inferior anastomotic 
vein and was probably secondary to it. While these cases shed considerable light 
on the pathogenesis of distant otogenous abscess, they cannot be accepted as 
examples of parietal localization. 

The case of Piffl and Pbtzl (Ein otogener parietaler Hirnabszess IRuckbildung 
einer parietalen pseudosensoriseben Aphasie], Arch. f. Ohrcn-, Nnsen- u. Keltl- 
kopfh. 112:93, 1925) is evidently not one of parietal abscess. Their illustration 
(fig. 1 ) shows that the region through which the abscess was drained was temporo- 
occipital. It is likely that the sensory aphasia was due to pressure on the "centers” 
from below. The patient recovered. 


Although Harms’ case (Ein geheilter Fall von multiplcr Hirnabszess-Uildung 
nach akuter Mittelohreiterung, Ztschr. f. Ohrenh. 72:118, 1915) was accepted by 
his contemporaries as an example of otitic parietal abscess, we arc inclined to 
exclude it also. What was thought to be an abscess in the left temporal lobe was 
first tapped through the mastoid wound and later through another opening in the 
temporal region. No cultures of the material recovered from the brain or from 
the mastoid were made. At a third session a puncture made through the temporal 
opening and directed upward and backward, supposedly into the inferior parietal 
convolution, resulted in the recovery of about 5 cc. of a clear serous, yellowish 
fluid. Staphylococcus albus was cultured from this fluid. Even if the fluid was 
recovered from the parietal lobe, which was very doubtful, it was not characteristic 
of the contents of a recent abscess. It was more likely fluid collected outside the 
capsule of the abscess previously tapped. 


The case of Ferretti (Su un interessante caso di ascesso cerebrale di origine 
otitica a decorso eccezionalmente lungo, Arch. ital. di otol. 38:135, 1927) has also 
been cited recently as an example of parietal abscess. At autopsv there was found 
an adhesion of the dura mater to the brain over the right inferior parietal lobule 
and adjoining portion of the temporal lobe, the residuum of an old subdural infec 
tion. Incision of the brain revealed an encapsulated abscess about the size of a 
walnut which bad ruptured mto the floor of the inferior horn of the lateral v™ 
tncle. While the author was not entirely clear as to the exact location 'of the 
abscess there is nothing in the description to lead one to believe that it was situated 
within the parietal lobe. * Mtea 
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Accoicling to Gowei s,~ the parietal lobe is the least common site of 
otitic abscess of the brain. As late as 1918, Blau 2 3 found only 2 exam- 
ples of abscess in a collected series of 352 instances of otogenic abscess 
of the brain. In a series of 14,534 autopsies, Evans 4 found 194 
instances of abscess of the brain, of which 109 (56 per cent) were 
stated to be consequent to otitis media and mastoiditis. Of this num- 
ber, 62 abscesses were cerebral and 40 cerebellar, while in 7 instances 
an abscess was present in both the cerebrum and the cerebellum. Of 
the 62 cases of cerebral abscess, the temporal lobe was the seat of 
infection in 56. In 3 cases the abscess was located in the occipital lobe, 
in 2 in the parietal lobe and in 1 in the frontal lobe. 

T he first recorded cases that we have been able to discover were 
reported by Pitt 5 6 as instances of abscess of the centrum ovale. In 
1 case the abscess was apparently secondary to thrombosis of a super- 
ficial vein (from the sylvian fissure to the dura), possibly the vena 
anastomotica superior. In the second case 3 abscesses were found in 
the hemisphere opposite the infected ear. Moreover, in the lateral sinus 
adjacent to this ear there was an old thrombus which extended into the 
posterior half of the superior longitudinal sinus. In both these cases 
the abscess was discovered at autopsy. In a study of abscess of the 
brain in infants, Holt 8 reported 2 examples of otitic abscess of the 
parietal lobe. An infant, aged 6 weeks, died shortly after the onset of 
bilateral otitis media. A large abscess was found at autopsy; it filled 
the entire left parietal lobe and extended to the ependyma of the lateral 
ventricle. In the second case an infant, aged 3 months, had generalized 
convulsions and died shortly after. A large abscess was found in the 
right parietal lobe, and there was also an elongated abscess above the 
corpus callosum on the left side which had ruptured into the lateral 
ventricle. Pus was found in the left ear. Shortly after the appearance 
of Holt’s study, Westphal 7 described a case of abscess of the left 
parietal lobe in a woman, aged 34, which was thought to be secondary 

2. Gowers, W. F.: A Manual of Diseases of the Nervous System, ed. 2, 
Philadelphia, P. Blakiston’s Son & Co., 1898, vol. 2, p. 475. 

3. Blau, L.: Zur Lehre von den otogenen intrakraniellen Erkrankungen. 
Gehirnabszess-Sinusthrombose-Meningitis, Beitr. z. Anat., Physiol., Path. u. 
Therap. d. Ohres 10:86, 1918. 

4. Evans, William: The Pathology and Aetiology of Brain Abscess, Lancet 
1:1231 (June 6) ; 1289 (June 13) 1931. Dr. Evans permitted us to use these data 
in his 2 instances of parietal abscess (table). 

5. Pitt, G. N. : Goulstonian Lectures on Some Cerebral Lesions, Brit. M. }■ 
1:643 (March 22) 1890. 

6. Holt, L. E.: A Report of Five Cases of Abscess of the Brain m Infants, 
Together with a Summary of Twenty-Seven Collected Cases, Arch. Pediat. 

81 (Feb.) 1898. 

7. Westphal, A.: Ueber Gehirnabscesse, Arch. f. Psychiat. 33:206, 19 
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to a pelvic infection. However, during life bilateral otitis media was 
found to be present. The onset of the cerebral lesion was manifested 
two and one-half months before death by epileptiform seizures followed 
by aphasia and right hemiplegia. At autopsy an encapsulated abscess 
was found. 

1 he case described by Harris 8 was unique and typical of a group 
of otogenous abscesses of the parietal lobe secondary to those in other 
parts of the brain. A recurrent attack of otitis media in an adult, aged 
30, resulted in generalized convulsions and death. At autopsy there 
was found an adjacent abscess in the temporal lobe with a “stalk” 
leading to an erosion of the tegmen. This abscess was connected by a 
fistulous tract with another in the parietal lobe. Lubliner 9 reported a 
similar case, an abscess in the parietal lobe being considered secondary 
to one in the temporal lobe. A subdural abscess had previously been 
drained at the time of operation. 10 The case reported by Coates and 
Case 11 also belongs to this group. The abscess which they found in 
the parietal lobe was evidently an extension from one of two abscesses 
in the frontal lobe of the left side. A discolored, softened area in the 
white substance of the left temporal lobe indicated a more recent abscess 
in this situation. 

In another interesting group of cases the parietal abscess is associated 
with thrombosis of the venous channels, particularly of the lateral sinus. 
As in the previous group, other abscesses may be found in the ipsilateral 
or even in the contralateral hemisphere. Uchermann 12 described an 
abscess associated with thrombosis of the lateral sinus of the same side ; 

8. Harris, T. J.: Pathologic Findings of the Intra-Cranial Complications of 
Middle Ear Disease, Laryngoscope 15:535 (July) 1905. 

9. Lubliner: Monatschr. f. Ohrenh. 49:25, 1913. 

10. In these two instances the description of the cerebral lesion was too meager 
to permit one to gain any accurate concept as to the course of the infection as it 
passed from the temporal to the parietal lobe. In coronal sections of the brain in 
this region it is found that the two lobes, save in their most caudal portions, are 
separated by the rather deep sylvian fissure. Infection extending from the tern 
poral to the parietal lobe must either cross this fissure or go by way of the rat icr 
narrow external capsule, a most unlikely development. If the fissure is crossec , 
there will he necessarily a preliminary meningocerebral adhesion uniting t ic 
opposed surfaces of the lobes in the fissure. Infection would then pass througi 
this sealed-off area much as it does from the tegmen into the basilar surface to 
form the original temporal abscess. In these unusual cases, the brain shou c e 
given more critical study, for these cases shed a great deal of light on the man} 
unsolved problems of otitic intracranial complications. 

11. Coates, G. M., and Case, A. E.: Multiple Brain Abscesses Following Otitis 
Media, Ann. Otol., Rhin. & Laryng. 33:335 (June) 1924. 

12. Uchermann, V. : Otogene Hirnabscesse itn Frontallappen und im Parietal 
Iappen, Monatschr. f. Ohrenh. 49:561, 1914. 
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both the abscess and the thrombosis were otitic in origin. In the case 
reported hv Urhantschitsch 1:1 multiple small abscesses were found in the 
left parietal lobe, with a larger one in the right frontal lobe- A chron- 
ically affected right ear was also complicated by thrombosis of the right 
lateral sinus. One of the cases of Pitt, already referred to. belongs to 
this group. In both of Evans' cases 4 there was found a thrombosis of 
the lateral sinus. In I of these the middle and inferior cerebral veins 
were also occluded. In this case the abscess was situated in the opjtosite. 
parietal lobe. The recently reported case of h amice and Sbambnngh 14 
is of interest in that two abscesses, one in the right interior parietal 
region and the other in the parieto-occipital region, were associated with 
thrombosis of the right lateral and right superior petrosal sinuses and 
of the cortical veins of the regional dorsolateral surface of the hemi- 
sphere. The lesions were secondary to a transitory otitis media. 

Thrombosis of the lateral sinus is not always present, however, in 
cases of multiple abscesses. For example, in Hrvan’s case one abscess, 
which had been drained surgically, was situated in the left parietal lobe 
and a second was found at autopsy in the left temporal lobe. A sub- 
dural abscess was also found in the middle fossa on the left side.’ ;, “ 

A review of the available literature, therefore, leads one to conclude 
that, though rare, otogenous abscess of the parietal lobe does occur and 
that in many instances it has been mistaken, so far as location is con- 
cerned, for abscess in the temporal, the frontal or the occipital lobe. 

13. Urhantschitsch, E. : Kontralatcrale Hirnabscessc, Monntschr. f. Olircnh. 
52:50, 1918. 

14. Faunce, C. B., and Shambattgh, G. E., Jr.: Abscess of the Brain Following- 
Mild Transitory Otitis Media, Arch. Otolarvng. 17:673 (May) 1933. 

15. Bryan, J. H. : Abscess of the Brain of Otitic Origin, Ann. Otol., Rhin. 
& Laryng. 37:819 (Sept.) 1928. 

Ua. In a more recent general survey of the literature on intracranial complica- 
tions of otitis media, we found three additional references to parietal abscess. 
Ginsburg (Otogene Hirnabscesse nach den Beobachtungen dcr oto-larvngologischen 
KHnik in Dnjepropetrowsk, abstr., Zentr albl. f. Hals-, Nasen- u. Ohrenh. 18:236, 
1932) found 1 contralateral parietal abscess in II cases of otogenous abscess of the 
brain. The details of the clinical history or autopsy observations were not given. 
In Vibede’s case (Tilfaelde at otogen hjaernabsces, Hospitalstid. 67:33, 1924), 
a parietal abscess on the right side was found at autopsy, evidently due to retro- 
grade extension from the right lateral and the superior longitudinal sinus into the 
superior cerebral veins, draining the parietal lobe. In Fraser's case (Sigmoid Sinus 
(L - ) ; Metastatic Parietal Lobe Abscess; Death, J. Laryng. & Otol 

t u pnl] 1933) a right parietal abscess was found at autopsy. During life a 
mural thrombus was removed surgically from the left lateral sinus. Before death 
arked weakness and loss of sensation were noted in the left arm and leg. In 

the 17-Z S r e f * C3Se ’ , C ° ninS rCCa ' !cd havi " S seen a case of mu!ti P’e abscess of 
was t atrft Z SC -7 ary t0 ° iifis medf3 00 the ri S ht side - One abscess 

anothert tbTt T,'?' lobc ’ another in left frontal lobe and still 

th ett temporal lobe. These cases are included in the table. 
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1 lie parietal abscess may be one of two or more in one or both cerebral 
hemispheres, suggesting a vascular spread of infection. The occurrence 
of an associated thrombosis of the lateral sinus or of the connecting 
venous channels indicates that the route of infection is by the venous 
rather than the arterial route. The essential details of reported cases 
are included in the accompanying table. 

REPORT OF CASES 

As is so often the case, the history of our experience with otitic 
parietal abscess began with a diagnostic failure followed promptly by a 
therapeutic disaster. To be sure, the clinical symptoms were somewhat 
unusual for an abscess of the temporal lobe, which was originally sus- 
pected. The difficulty in establishing the existence of a predisposing 
infection in the middle ear, however, served to deflect our attention 
from the conspicuous motor and sensory manifestations. The post- 
mortem disclosure of a large circumscribed abscess within the parietal 
centrum served to emphasize the meaning of these symptoms, a lesson 
which served us in good stead when the next patient came under our 
observation. In the meantime, a review of a large series of records of 
postmortem examinations revealed 3 additional cases. A short note on 
the 3 cases found in the records of the department of pathology pre- 
cedes the reports on the 2 cases which came to our attention clinically. 
We also had an opportunity (case 6) to study a specimen brought to the 
laboratory in which a parietal abscess was found. 

Case 1. — Chronic left otitis media and mastoiditis in a man. Death following 
mastoidectomy. Autopsy. A large circumscribed abscess m the left parietal lobe. 

An emaciated Mexican man, aged 45, died on July 25, 1918, following a mas- 
toidectomy. He had been admitted on July 18, 1918, to the Los Angeles Count} 
General Hospital, but no further information was available, the clinical record 
having been destroyed. 

At autopsy a recent surgical wound was found in the left mastoid region. On 
removal of the calvarium the dura was found to be tense and hyperemic. ie 
cerebral cortex was also hyperemic. At the base of the left temporal lo e t ie 
brain and dura and in turn the dura and bone of the tegmen tympani were oun 
to be firmly adherent to each other. When the brain was sectioned, a large, we 
circumscribed abscess filled with thick green pus was found to occupj the centrum 
of the left parietal lobe. The left temporal bone was carious and hone} com > 
with abscesses. The causative organism was not identified. 

Comment. — The emaciation of the patient, the complete delineation 
of the abscess and the firm local adhesions speak for a chronic infection. 

It was of interest to find the classic prerequisites of a temporal a tscess 
— adhesion of the dura to the bone and to the brain— -but the c et e oj^ 
ment of a parietal infection. A complete clinical history wouc 
been most desirable in a study of this case. 
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Cacf. 2.— Death of an infant with signs of hnmrlwfwntinntin. Autopsy. 
Bilateral otitis media. Softenin'/ of the cerebral cortex in the left farietal regum 
which proved to he infarction with early formation of abscess. 

A Mexican boy, aped 10 months, was admitted to the !.»>•• Angeles t oimty 
General Hospital in a moribund state on Nov. 1’.*, 1030. and died within three hours. 
No history was obtained at the time other than that the child had been acutely ill 
with a fever for three days. T he child was cyanotic, dyspneic and letharpic. 

At autopsy the brain was found to be edematous. 1 he meiiinpes should no 
gross change. The cerebral cortex was found to be softened in the left parietal 
region. Sections taken from this area for microscopic examination revealed an 
extensive infarction of the cortex and underlying white matter. W ith the excep- 
tion of the nuclei of the neuroglia the cellular elements were not demonstrated by 
routine staining methods. In several situations within this infarcted area there 
were accumulations of leukocytes. Polymorphonuclear cells predominated in the 
center of each collection of cells, while lymphocytes formed an irregular peripheral 
zone. They were especially conspicuous in the form of "cufTs” in the spaces about 
the regional blood vessels. A mucopurulent exudate was found in each middle ear, 
being most abundant in the right ear. Bilateral bronchopneumonia was also present. 
A pneumococcus was the iniecting organism. 


Comment . — The clinical record of this case is unfortunately incom- 
plete. Every effort has been made, even after an interval of years, to 
secure a more detailed history of the child’s illness, but without success. 
It would have been particularly enlightening to know whether or not 
convulsions, particularly the jacksonian variety, occurred. 


Case 3. — Recurrent ritjlil otitis media with mastoiditis. Necrosis of the teamen 
antri. Surgical drainage of the subdural abscess through the temporal route. 
Death after five days. Autopsy disclosed a right parietal abscess and thrombosis 
of the right lateral sinus. 


A Mexican man, aged 37, was admitted to the Los Angeles County General 
Hospital on March 23, 1934, with a history of recurrent attacks of otitis media on 
the right for many years. He complained of headaches and pain in the right car 
and appeared extremely ill. At times he was definitely irrational. There was 
definite tenderness on pressure over the right mastoid. The temperature was 
somewhat subnormal, and the pulse was found to be slowed (from 64 to 68) on 
several occasions. Roentgenograms revealed an increased density of both mas- 
toids (sclerosis) with some possible rarefaction on the right in the region of the 
genu of the lateral sinus. A white blood cell count revealed 20,600 leukocytes per 
cubic millimeter, 90 per cent of which were polymorphonuclears. 

On later examination a definite weakness of the left arm, leg and left lower 
region of the face was found. The eyegrounds were reported to be normal. 
Mastoidectomy on the right was performed on March 25 by Dr. Isaac Jones, 
° ound necrosis of the hone forming the tegmen antri and the posterior wall of 
C Cxternai auditory canal. Granulation tissue covered the dura above the 
cgmen. It seemed evident that a cerebral abscess existed, and a trephine opening 
as made in the right temporal region by Dr. Carl W. Rand. On opening the 
dmL 4 gC ? m ° Unt ° f IMeenish-yellow pus welled up into the wound. Several 
Pm Ti aCe<1 in the subdurai s P ace and the wo und closed. Culture of the 

a pneumocL e c r St °' d ^ SUbdUra ‘ ^ reV * aW that the offendin S organism was 
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The patient did poorly following the operation. The next morning he 
had several generalized convulsions and was noisy and talkative. He was unable 
to swallow. The temperature remained about normal, and the pulse rate varied 
between 70 and 112 per minute. A Cheyne-Stokes type of respiration developed, 
and the patient died on March 30, after an abrupt rise of temperature to 106 F. 

At autopsy the right lateral sinus was found to be completely thrombosed, as 
were the venous channels in the parietal region. This surface of the hemisphere 
was covered with thick green pus which also adhered to the inner surface of the 
dura. There was a fistulous opening in the dura over the tegmen antri which 
extended into the operative excavation in the mastoid bone. 

In the centrum of the right parietal lobe there was a large, softened, necrotic 
area which had a dark green color ; it was evidently a very early abscess. This 
area did not communicate with the ventricular system. There was no gross 
evidence of involvement of the temporal lobe. 

Comment. — This case presents several points of interest. The pres- 
ence of thrombosis of the lateral sinus suggests a possible etiologic 
relationship between this lesion and the abscess, especially since the 
venous channels in the parietal region were also occluded. It is also 
possible but not likely that the parietal abscess was secondary to the 
subdural abscess which covered the dorsolateral surface of this hemi- 
sphere. The abscess was obviously a very recent one. 

Case 4 . — Transient otitis media on the right in an adult. Development of left 
hemiplegia, headache and stupor. Surgical exploration with tapping of the abscess 
high in the centrum of the right cerebral hemisphere. Death from septic menin- 
gitis. Autopsy . 10 

A white man, aged 32, was admitted to the neurologic service of the Los 
Angeles County General Hospital on Jan. 1, 1930, with the complaint of headache 
for five or six weeks and weakness of the left side for four weeks. The patients 
wife stated that the patient had had a severe cold in the head six weeks be ore, 
its appearance being followed shortly by a purulent discharge from the rig it ear 
and generalized throbbing headaches. The minor discharge ceased spontaneous y 
after two or three weeks. A week after the onset of otitis media, the patien 
noticed paresthesia and numbness beginning in the left leg and extending upwar 
to the left arm. Following these sensory manifestations the affected mem ers e 
“dead.” Progressive left hemiplegia then developed, associated with increasing y 
severe headaches. The patient described several fainting spells , when we ques 
tioned his wife we learned that these were attacks of generalized coin u sions. 

Examination on admission revealed a somewhat inattentive and at times r0 '^ 
man who presented conjugate deviation of the head and eyes towar t ie 
and well marked spastic left hemiplegia and hemihypesthesia. The pupi s were 
unequal, the right being smaller than the left. Both reacted somewhat poor > o 
light. The nasal half of the right optic disk was blurred. There was s ig i 
rigidity of the neck, but the Kernig sign was not elicited. The deep re exes \\e 
exaggerated on the left and associated with a bilateral Babinski sign, w lie i 
more marked on the left. The cremasteric reflex was absent on the e t. 

Lumbar puncture revealed a clear spinal fluid under increased pressu e, 
otherwise normal. The white blood cell count was 14,250 cells per cuuc m 

16. This case has been reported in brief by Meyers (Conjugate De\ia 
the Head and Eyes, Arch. Otolaryng. 13:683 [May] 1931) in anot icr con 
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meter, of which 77 per cent were i*>lym<.rj>hotmde:ir.w Roentgenogram- of the 
skull revealed an increase in density in the mastoid portion of the right temporal 
bone. 

Under ether anesthesia, exploration of the hrain wa- made on Jan. 7. I'WI. by 
Dr. George H. Patterson. A trephine ojKiiing wa- made over the right ear. 
somewhat higlier titan usual for an exploration of the temjwtral lobe. Repeated 
punctures in the temporal lobe failed to reveal an ah-cc--. An aloe os at a depth 
of 5 cm. was tapper! by an oblique puncture upward and ••lightly backward toward 
the parietal lobe. An abundance of greenish-yellow pit- was recovered, from 
which a pneumococcus was cultured. 

The patient promptly recovered front his stuporous state and bad temporary 
relief from bis headaches. His improvement was short-lived, however, for a 
gradually rising temperature and symptoms of meningeal irritation soon made 
their appearance. A lumbar puncture revealed a cloudy spinal fluid, and pneumo- 
cocci were found on smear and culture. He died on January 14. lV.ll), 



Fig. 1 (case 4). — Drawing of a coronal section of the brain, showing the 
abscess in the right parietal lobe. The insert shows the location of the abscess 
and the position of the drain. 


Autopsy, performed sixteen hours post mortem by Dr. William R. Dodson, 
resident pathologist, disclosed extensive meningitis with greenish fibrinopurulent 
® XU . ate most abundant over the right hemisphere and at the base of the brain. The 
ram was hardened and examined subsequently in the laboratory of neuropathology. 

e rubber catheter drain emerging from the lower end of the postcentral gyrus 
was still m place. The drain extended upward, mediad and backward into a large, 
eguar, circumscribed but poorly encapsulated abscess occupying the right 
parietal centrum (fig. 1 ). 

Comment. -This patient was at first suspected of having an intra- 
cranidl tumor, a history of otitis media not having been elicited. When 
patient became comatose and surgical intervention seemed urgent, a 

t,r,°* the histor y with his wif e recalled to her the drainage from 
r ’ght ear for two or three weeks at the beginning of the symptoms. 
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1 his made the diagnosis of abscess a definite probability. The occur- 
rence of contralateral hemiplegia, the significance of which was not then 
understood, suggested a lesion higher and deeper in the hemisphere than 
the usual abscess of the temporal lobe. 

The lesson which this patient’s case taught had not been entirely 
forgotten when the next patient with similar symptoms and course, even 
though they were in a different setting, came under observation.’ The 
marked motor manifestations were the conspicuous and characteristic 
signs. 

Case 5. Bilateral otitis media following scarlet fever. Onset of jacksouian 
convulsions and right hemiparcsis. Gradual recovery. Recurrence of hemiparesis 
after spells of vomiting (zoo months later. Development of an irritable lethargic 
state. Negative, exploration of the left temporal lobe. Later exploration and 
drainage of tile left parietal lobe abscess. Recovery with residual jacksouian 
seizures 

A girl, aged 2J4 years, was admitted to the Los Angeles County' General 
Hospital on Dec. 4 , 1931, with obvious scarlet fever of four days’ duration. Four 
days later bilateral otitis media developed, and bilateral ' myringotomy revealed a 
purulent exudate in both middle ears. On December 23 a high temperature devel- 
oped, and vomiting and jacksonian convulsions on the right side with conjugate 
deviation of the head and eyes to the right made their appearance. In the stuporous 
state which followed, right hemiplegia was noted. The spinal fluid was found to be 
bloody and under increased pressure. Because of cloudiness of both mastoids in the 
roentgenogram, bilateral mastoidectomy was done by Dr. Andrew Love. The 
uncovered dura was found to be normal in every respect. Culture of pus from the 
mastoid revealed Streptococcus haemolyticus. On the folitr.ying day the child had 
roused somewhat but was aphasic and hemiparetic. The mabtmdectomy wounds 
healed promptly, the paresis gradually improved and by the timTof the patients 
discharge on Jan. 30, 1932 , she had apparently entirely recovered. x. 

Because of the periodic bouts of vomiting and the difficulty in getting the 
child to take her food, Her mother brought her to the hospital on February 24. 
After a period of observation the patient was found to be increasingly irritable 
and lethargic, and the optic disks gave evidence of increasing intracranial pressure. 
On the presumed diagnosis of abscess, the left temporal lobe was explored aJo\e 
and behind the ear on March 3 by one of us (Dr. Courville). The dura was 
found to be somewhat thinned, and the brain was under some pressure, ut on 
repeated probings of the lobe the instrument failed to encounter either an ajscess 
or the inferior horn of the ventricle. 

The child seemed somewhat improved after recovery' from the anesthetic. 
However, minor chills were noticed on two occasions, and spells of vomiting 
recurred. Three weeks later, because of increasing irritability and stupor, anot icr 
exploration was decided on. A new opening was made farther forward touar 
the tip of the temporal lobe, and the brain was again explored with a needle. 
tip of the inferior horn was entered, and the 3 or 4 cc. of slightly yellowish ui( 
which was recovered promptly coagulated. With the history of the previous case 

17. This case has been presented in another connection in which was stressed 
the otitic etiology' in certain instances of infantile hemiplegia (Concerning erfam 
Cerebral Manifestations Following Acute Otitis Media in Infancy and - ar > 
Childhood, Am. J. Dis. Child. 49:1 [Jan.] 1935). In this connection, repetition 
'f clinical facts will be avoided, and certain surgical aspects will be emphasize! . 
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in mind, the surgeon was prompted t«> explore the parietal l"he. A trephine 
opening revealed a very thin, transparent dura, evidently under considerable pres- 
sure. When the dura was opened a small knuckle of cortical tissue promptly 
herniated itself. The exploring needle encountered a heavily encapsulated alorcss 
about 3 cm. beneath the cortex. A rubber tube drain was anchored in place. The 
nonfetid and greenish-yellow pus proved to lie sterile, higurc 1 indicates the loca- 
tion of the three scars incident to the three explorations. 

The child promptly recovered, and after three weeks the drain was removed. 
Repeated examinations revealed a residual weakness and clumsiness of the right 
extremities with persistent pathologic reflexes. There was some degree of tttcttt.il 



F’g- 2 (case 5). — Photograph showing three scars in the scalp over trephine 
openings in the skull. The dotted line shows the location and extent of each 
incision. The abscess was tapped through an opening over the parietal lobe. The 
scar of the original mastoidectomy incision is hidden by the auricula. 


impairment, and the patient was unable to use formed words as before. She was 
discharged from the hospital on May 22. 

On September 20 the child was brought in for reexamination, at which time 
, ° mo , r stated t!lat there was some residual weakness in the right arm and 

She had been rather wilful 


w imj 1 VSlUl 

e g, especially noticeable when the patient wai 
a nd difficult to control. There was some mental) 
sti 1 unable to talk. Three weeks later she was 
" lt rc Port that she was having convulsive , 
apparently preceded by some painful or other. vj 


retardation, and the patient was 
[Jgain brought in for examination 
.seizures affecting the right arm, 
|ise unpleasant sensations in this 
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member. The seizures continued for a number of months and were still present 
eighteen months after operation. Repeated examinations revealed evidences of a 
minor motor weakness in the right arm with characteristic reflex changes She 
was reexamined on April 27 , 1934, two years after drainage of the abscess. Some 
difficulty in talking was still present, and minor attacks of pain in the right arm 
were noted occasionally. Persistent pathologic reflexes were also noted^n the 
right. 

Comment .— This case represents the culmination of a series of 
experiences pertaining particularly to the pathology of otitic parietal 
abscess. It lias led us to believe that a diagnosis of this lesion can be 
made at times and surgical treatment successfully instituted when con- 
ditions are favorable. 

Our last experience was concerned with the postmortem findings in 
a case of otogenous parietal abscess. The record of this case was fur- 
nished through the courtesy of the attending physician. 

Case 6. — Transient otitis media in a child three years before present illness. 
Headaches during the morning for two years. Onset of convulsions, left hemi- 
plegia and coma. Death. 

A schoolgirl, aged 8 years, was first seen by Dr. Ben Anderson on March 13, 
1934. The physician was called because the child had a convulsion following which 
she became stuporous. An inquiry into her history disclosed the fact that she 
had always been a semi-invalid because of a congenital pathologic condition of 
the heart. Three years before bilateral otitis media had developed following an 
attack of influenza, from which she recovered without incident after four weeks. 
For the past two years she had complained of headaches in the morning associated 
with ptosis of the right eyelid, both of which conditions improved as the day 
progressed. In the latter part of February 1934 she had an infection of the upper 
respiratory tract with fever, which persisted for several days. On March 8 she 
had a “spasm” and vomited, remaining in bed for the day. On March 12 she 
again became ill, complaining of severe headache in the right temporal region 
and ptosis of the right eyelid, associated with pain in the right eye. 

Doctor Anderson found that the girl was semistuporous. The right ejelids 
were swollen and red. The right pupil was dilated. There were loud to-and ro 
murmurs heard everywhere over the thorax but loudest over the base of the heart. 
The heart rate was irregular. The cyanosis and clubbed fingers were further 
indicative of a congenital cardiac lesion. There was complete left hemiplegia. 
The neck was rigid. A diagnosis of right parietal lobe abscess was made. 

Lumbar puncture revealed a clear, colorless fluid under marked increase >« 
pressure. There were 32 cells per cubic millimeter. There was no increase in 
globulin or sugar. 

The child did poorly, and headaches, nausea and vomiting made their appear 
ance. Convulsions recurred with periods of stupor. A few days core ( ea i 
the right eye became prominent, and Cheyne-Stokes respiration deve ope , associ 
ated with spasms of extensor rigidity. The right pupil was widely i ate , 
the right disk was markedly swollen. 

The patient was seen in consultation a few hours before death by Dr. Car . 
Rand, who found her in coma and having spasms of decerebrate rigi ity . 
died on March 27. 
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Autopsy was performed on tiic clay of the patient^ dentil hy Doctor Andcr-on. 
As was suspected, a congenital lesion in the form of a defect in the intraventricular 
septum was found. The partially hardened right ecrchra! hemisphere was brought 
to this laboratory for study. The convolutions of this hemisphere were consider- 
ably flattened, particularly in the posterior parietal region. I lie superficial cerebral 
veins were markedly engorged hut not thrombosed. In this region the cortex had 
been broken in the process of removing the brain from the skull. 1 his had 
resulted in a rupture of the abscess and evacuation of its contents. 1 his area 
appeared to lie pale, and in it the small cortical vessels were empty. I’eneath the 
torn cortex was found a thin-walled, empty capsule of an abscess. Its Mi|xrficinl 
portion was adherent to the overlying cortex beneath the terminal portion of 
several veins. The location and extent of the ab-cess and the appearance of its 
capsule arc shown in figure 3. 


a 



Fig. 3 (case 6). — Drawing of the brain, showing the appearance of the cortex 
m the parietal region. The shaded area (a) indicates the portion of the cortex 
attached to the capsule. The location of the abscess is indicated by the dotted 
me. The insert shows the collapsed capsule of the abscess. 


Comment . — This unusual case did not come under our clinical obser- 
vation, although it was our privilege to examine the brain and the con- 
tained abscess. From the long history of headaches during the morning 
and ptosis of the right lid, it is likely that the abscess resulted from the 
ransient acute otitis media from which the patient had suffered three 
years before. This seems to be further proved by the fact that there 
la ieen no otitis media or other possible etiologic factor in the interim. 


PATHOGENESIS 

Since no previous effort has been made to study the group of 
genous abscesses of the parietal lobe as a whole, the pathogenesis 
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"°‘ b “" , elab0ra,ed A due to the situation has been found in 
cases m which thrombosis of the lateral sinus is also present a matter 
already dealt noth m another connection.” As in the case of' abscesses 

" ° " S,tUat ‘, 0ns ’ tl,ere are a "amber of etiologic possibilities which 
must be considered (fig. 4). An otogenous parietal abscess may be 
secondary to: (1) an otogenous subdural abscess, (2) osteomyelitis of 
the parietal bone (which m turn is secondary to infection within the 
squamous portion of the temporal bone), (3) an otitic abscess in the 
temporal or frontal lobe or (4) thrombosis of the venous channels or 



Fig. 4. — Drawing showing the possible pathways of infection from the middle 
ear to the parietal lobe. A illustrates the development of the parietal abscess 
by extension along the venous channels or the development secondary to the otitic 
abscess in the other lobes ; B , an insert, shows the possible pathways of a parietal 
abscess in the hemisphere opposite the draining ear, although such an abscess 
may be due to an apparently unaffected ear on the same side, and C, an insert, 
shows the situations which may theoretically result in a parietal abscess — a sub- 
dural abscess on the left and osteomyelitis of the squama of the temporal and the 
parietal hones on the right. 

extension along these channels without grossly visible thrombus for- 
mation. 

The possible development of a parietal abscess from an extension 
into the brain of infection from an overlying subdural abscess must be 
considered, particularly since this lesion has been found to be present in 
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a number of the cases. On rare occasions it is found that an abscess 
secondary to empyema of the frontal sinuses is located at some distance 
from the point of invasion of the intracranial space. Kxamination of 
the brain in these cases reveals an extensive obliteration of the stibdtii.il 
space, evidently due to a resolved subdural infection, perhaps of low 
grade virulence. \\ hilc the same possibility must he admitted iu this 
connection, no clcarcut case has yet been described. In the group of 
cases reported in the literature a subdural abscess was found in 2 
(Lubliner 9 and Bryan K> ). It was also present in 1 of our cases (case 
3). While proof either for or against this conception would be difficult 
to find, it seems to us unlikely that intracerebral abscess results from 
acute subdural abscess. In the last analysis it is more likely a question 
of coincident lesions having the same source. 

It is also possible that osteomyelitis of the parietal hone secondary 
to an otogenous infection in the squamous portion of the temporal hone 
might result in the formation of a parietal abscess. Local adhesion to 
the leptonieninges in the parietal region would pave the way for invasion 
of the brain substance. The situation is a most unusual one. and it is 
not likely that many cases of parietal abscess will be accounted for on 
this basis. Xo such example has been reported in the literature. 

d lie development of a parietal abscess secondary to one located in 
either the temporal or the frontal lobe is a matter of rare chance. Such 
an abscess in reality is one of several cavities of a multilocular abscess 
and communicates by a fistulous tract with the parent abscess. It is 
usually the result of a secondary extension through a weakened spot in 
the capsule of the original abscess. Lubliner reported a unique case in 
which an otitic abscess in the left temporal lobe was drained surgically. 
A recurrence of symptoms brought about the patient’s death. At autopsy 
't was found that the first abscess communicated with a second located 
above the sylvian fissure by means of a fistulous channel. Coates and 
Case’ 1 reported a somewhat similar case in which an otogenous abscess 

°f the frontal lobe communicated with another cavity in the parietal 
lobe. 10 

It is obvious that abscesses developing in any of the foregoing ways 
ar e pathologic rarities and occur as a matter of chance. Invasion by 
"a\ of vascular channels seems to explain the occurrence of the greater 
number of them. 

The proposition that these distant abscesses are the result of spread 
0 infection by way of the arterial tree has met with considerable favor 
m some circles. This requires as a preliminary step either (a) the 
evelopment of a periarterial infection, secondary arteritis and extension 
° ll f Iumen of . the carotid artery or f b) an invasion of the venous 
nels of the middle ear and extension into the lateral sinus, resulting 
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in a systemic infection. The relative rarity of pericarotid infection and 
the fact that such an infection causing either arteritis or thrombosis 
practically never results in the formation of a cerebral abscess seems to 
rule out the first possibility. Furthermore, the absence of typical septic 
manifestations and of other localized foci elsewhere in the body and 
the frequent occurrence of a solitary cerebral abscess under the circum- 
stances seriously controvert the second conception. 

On the other hand, there is convincing evidence at hand to indicate 
that extension occurs, in many cases at least, by venous channels. A 
possible mechanism is suggested by the occurrence at times of cerebral 
symptoms in cases of thrombosis of the lateral sinus. These manifesta- 
tions are presumed to be due to a stasis in the inferior anastomotic and 
occipital veins and their communicating vessels. IS When the parietal 
abscess occurs in a case in which there is a continuous thrombosis from 
the lateral sinus into the inferior cerebral or communicating veins lead- 
ing to the parietal region, the mechanism of the spread of infection is 
obvious. 

Furthermore, when there has been thrombosis of the venous net- 
work of the dorsolateral surface of the brain without involvement of 
the lateral sinus or, on the other hand, of the lateral sinus without 
involvement of the veins, the likelihood of extension even in the presence 
of a break in the chain of the thrombosed vessels must still be granted. 
This possibility still exists when the venous system is not found to be 
grossly involved at autopsy. It is our belief that a small thrombus 
responsible for localization of the infection may resolve, while the 
infection in the brain substance goes on to the formation of an abscess. 
The various degrees of involvement of the venous channels as illnsti atecl 

by the reported cases is shown in figure 5. 

The actual method of production of the abscess following venous 
thrombosis is not entirely dear. Hlavacek 19 predicated a perivenous 
infarct as the mechanism which might produce under suitable circum 

18. This conception is substantiated by clinical evidence which also suggests 

that there is some relationship between thrombosis of the lateral sinus anc t ie 
occurrence of manifestations in the parietal lobe. This question has recent y ecu 
studied by Bodechtel and Richter (Ueber Scheitellappensymptome bein' otogener 
Thrombophlebitis der Gegenseite, Ztschr. f. Hals-, Nasen- u. Ohrem. • < 

1913). The presence of symptoms referable to the central region in t icse ms ance. 
suggests that obstruction of the venous flow into the lateral sinus from t us regio 
particularly in the presence of an infectious condition, is accompamec y a 
turbance in the circulation (edema). If more critical neurologic examina i 
were made in all cases of thrombosis of the lateral sinus, minor ewcences o - 
disturbance would frequently be found. This has been the experience 
writers. 

19. Hlavacek, V.: Casop. lek. cesk. 2:1041 (July H) 1930; cited by Eag eton, 

W. P. : Arch. Otolaryng. 16:228 (Aug.) 1932. 
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stances an abscess on the one hand or meningitis on the other. It is 
likely that either a focus of red softening occurs which becomes infected 
or a primary focus of infection develops in the subcortical white sub- 
stance along an afferent vein. The occurrence of a variety of lesions 
and of different anatomic types of abscess suggests that invasion may 
take place in one of several ways. 

The pathogenesis of multiple abscesses is of particular interest. The 
occurrence of multiple foci has been accepted by many as presumptive 



Fig. S.-Drawing showing the relationship of thrombosis of the venous channel* 

“ £"“°i '<*'• “ V '«io„s icon., J “ “ 

A (case of Faunce and Shambaugh ») illustrates thrombosis of the rmht 
smus and the afferent veins ; B (case of Pitt 5 ) thromhn*; r S C ^ a 

cerebral vein (probably the vena anastomotica major) • C (case^ of C SUPerfiCial 
thrombosis of the right lateral sinus and the veins over the a bsC eJ 
situation thrombosis was possibly due to the underlying infection! • n / ^ 

Westphal), thrombosis which did not affect any of the venous rl ’ i ° f 

jjy autopsy); E (second case of Pitt), thrombosis of tv, ’ anne s (verified 
lateral sinus and posterior portion of the superior lonviti r 6 ContraIateraI (left) 
abscesses of the centrum ovale; F (case of Urbantschitsc ^ mU,tiplC 
contralateral (right) lateral sinus, multiple small abscesses of the i r ® mb ° s . ,s f the 
and solitary abscess of the right frontal lobe. he eft panetal l°be 
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evidence of their metastatic (arterial) origin. According to the evidence 
at hand, this is not necessarily true. In the case of Faunce and Sham- 
baugh” this is obviously not the case, for the 2 abscesses in the 
parieto-occipital region were located immediately beneath the network of 
thrombosed superficial veins. We believe that in many instances of mul- 
tiple abscess theie may be no gross residual evidence of involvement of 
the venous channels. When an abscess formation in the temporal lobe is 
one of multiple abscesses, it may be due to extension by contiguity rather 
than by way of the venous channels. Thus two distinct modes of spread 
may be present in a single case. While it is not certain, this may have 
been the situation in Bryan’s case. 15 In 1 of our cases (case 3) there was 
a local fistula in the tegmen, dura and brain but a subdural rather than a 
temporal abscess. 

PATHOLOGY 

A study of the histologic characteristics of otogenous abscess of the 
parietal lobe is not of paramount interest in this connection, since they 
are much the same as those of abscess in other situations. Certain 
deductions may be drawn, however, from the morbid anatomy, which 
sheds light on the problem of cerebral abscess as a whole. 

The anatomic types of abscess found in the parietal lobe are the 
same as those that occur elsewhere. The large acute abscess, otherwise 
known as purulent encephalitis, with its poorly defined margins and 
necrotic center, is exemplified by case 3 of our series. In later stages 
of this same anatomic variety, suppuration occurs in the central portion 
of the involved region, and its walls are ragged, necrotic and stained 
at times with hemorrhage. The surrounding cerebral tissue is edematous, 
swollen and infiltrated with pus. It is this type of abscess which has a 
short clinical course and is evidently the result of invasion of a virulent 
organism against which the body has little resistance. 

The more slowly developing, circumscribed but poorly encapsulated 
abscess is usually unilocular, with sharply defined walls. The surround- 
ing zone of encephalitis varies in width with the acuteness of the 
process. In this type, the thinness of the wall of connective tissue is 
due, in part at least, to the large size of the cavity and not alone to the 
low resistance against the infection. Cases 2 and 4 are examples of 
this anatomic type. This variety of abscess yields a large amount of 
pus when tapped at operation, and if drainage is properly instituted a 
cure may be attained, at times with certain residual manifestations. 
When the abscess is not drained the patient often succumbs with respira- 
tory failure, death being due to the greatly increased intracranial pres- 
sure. The history in case 6 suggests that these abscesses, though large, 
may acquire a capsule and remain partially quiescent for months and 
even years. 



COURVILLE-NIELSEN— ABSCESS OF PAlUllTAS. LOIili 949 

The classic small, heavily encapsulated abscess may occur here as 
typically as in the temporal lobe. The cavity is usually small or of 
moderate size. Theoretically, an abscess of the parietal lobe may be 
multiloculated, as may one in the temporal lobe, but no case of this type 
has been described.-" The thick capsule is usually an indication of a 
more chronic and avirulent infection in a circumscribed focus. This 
type of abscess, perhaps the most favorable for surgical treatment, may 
be drained as successfully when located in the parietal as when located 
in the temporal lobe, provided it is uncomplicated. 1 bis seems to be 
proved by our experience in case 5 of this series. 

Perhaps the most important conclusion to be drawn from the fact 
that any anatomic variety of abscess may occur in the parietal lobe is 
that the type of abscess does not depend on the method by which the 
infection reaches the brain. This may be concluded from the fact that 
abscesses in the temporal lobe are for the most part due to contiguous 
infection of the bone, dura and brain, while those of the parietal lobe 
are commonly the result of vascular extension. It is therefore likely 
that the anatomic type of otogenous abscess produced is the result of 
the virulence and number of invading organisms or is of the nature of 
a presumed preliminary (vascular) lesion which becomes secondarily 
infected. It is possible that both factors play a variable role. 

As has already been indicated in a review of the literature, an abscess 
of the parietal lobe may constitute one of a group of multilocular 
abscesses, being connected by means of a fistulous tract with other cavi- 
ties in the temporal or frontal lobe (Harris, s Lubliner" and Coates and 
Case 11 ). In such instances the clinical picture is complicated and 
almost impossible to evaluate properly. In the case of Urbantschitsch 13 
one group of small abscesses was found in the left parietal lobe while 
another larger abscess was found in the left frontal lobe. The case of 
Faunce and Shambaugh 14 is of interest in that two abscesses (one 
■ parietal and the other parieto-occipital) had their origin in an extensive 
thrombosis of the dorsolateral venous system. In the cases forming 
our series, no case of multiple abscess was disclosed. 

As one might suspect from the origin of the abscess, adherence of 
the capsule to the altered overlying cortex is at times observed. This 
was illustrated in our sixth case. The infection arising from local 
venous thrombosis extends through the altered cortex-, and the resulting 
reaction of the connective tissue binds the capsule to the pia and its 
vessels. 

20. The case of Urbantschitsch is of interest in that there were several 
small abscesses in the left parietal lobe and another larger one in the right frontal 
lobe. The description furnished by this observer was too meager to ascertain 
whether the abscesses were distinct cavities or whether thev were multiple locula 
tions of a single focus of infection. One would infer that the former was the case 
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As in instances of abscess of the temporal lobe, rupture into the lat- 
eral ventricle may occur. In this case the abscess must break through 
the intermingled fibers of the corona radiata to burst into the lateral 
margin of the body of the ventricle or through the corpus callosum to 
break through its roof. In one of Holt's fi cases rupture into the ven- 
tricle had taken place, and in the other the abscess extended to the 
ependymal lining but gross rupture had not occurred. In Bryan’s 15 
case the temporal abscess had ruptured into the ventricle while the 
abscess in the parietal lobe had not. There was no instance of rupture 
into the ventricle in our series. 

The changes in the surrounding brain as a result of the presence of 
the abscess are of interest. The overlying convolutions are found to 
be flattened and the lobe enlarged, as is the case with an abscess in any 
situation. Streaks of exudate are frequently found along the vessels 
of the cortex overlying the abscess, a finding not so commonly observed 
in cases of abscess of the temporal lobe. 

The overlying vessels are at times thrombosed. This is of particular 
significance in this connection, for in many instances the thrombosed 
veins are part of a widespread involvement of the venous system of the 
dorsolateral surface (Faunce and Shambaugh 14 ) , of some isolated ves- 
sel (Pitt °) or of the lateral sinus (Pitt, 5 Uchermann, 12 Urbantschitsch 13 
and case 3 of this series). At times the opposite lateral sinus or its 
afferent vessels are found to be thrombosed (the second case of Evans 1 
and the second case of Pitt 5 ). The significance of thrombosis of the 
venous channels has been discussed in the previous section. 

A subdural abscess has been found to be present in a number of 
instances. This lesion was disclosed at a previous operation in Lub- 
liner’s case 8 and in case 3 of our series and at autopsy in Bryan’s case. 10 
The subdural collection of pus is probably a coincident lesion, arising 
separately from the original infection in the middle ear or secondary to 
thrombosis of the lateral sinus. 21 It is rarely due to rupture of a 
cerebral abscess through the adherent leptomeninges into the subdural 
space. This has not occurred in any of the reported instances of otog- 
enous abscess of the parietal lobe. 

CLINICAL ASPECTS OF OTOGENOUS ABSCESS OF THE 
PARIETAL LOBE 

As the result of our experience in dealing with vascular or infectious 
lesions of the dorsolateral surface of the hemisphere we have come to 

21. The matter of otogenous subdural abscess is one of unusual interest. Fol 
lowing thrombosis of the lateral sinus it may be found in a varietj o situations 
The question has been briefly discussed in a previous communication ( a ita 
plications of Otitis Media, with Particular Reference to the Intracrania 
in a Series of Ten Thousand Autopsies, Arch. Otolarvng. 19 : 451 [ P rl 
and a more detailed study is made the subject of a forthcoming review. 
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believe that their diagnosis constitutes a neurologic problem capable of 
solution. From a therapeutic standpoint an accurate localizing diagnosis 
is essential to successful drainage of the abscess. Should such an 
abscess be tapped by chance through a high temporal trephine opening, 
the angle which the tube assumes makes continuous drainage unlikely 
or dislocates it from its original position in the abscess cavity, hurther- 
more, it may so lacerate the brain tissue that drainage occurs about the 
tube with a resultant septic meningitis. If, on the other hand, one can 
approach the abscess through a trephine opening directly over it, the 
matter of drainages becomes a more simple problem, provided, of course, 
the abscess is encapsulated or at least circumscribed. 

It is evident that the symptoms produced by an expanding lesion 
differ considerably from those of a purely local and destructive one. 
An abscess situated within the limits of the parietal lobe may. as a 
result of pressure, consequent edema or actual extension, so disturb the 
function of adjoining regions as to result in symptoms referable to these 
areas . 22 

We shall therefore find it necessary in eases of parietal abscess to 
consider some symptoms which have king been attributed to other 
cortical areas. Needless to say, the limitations of the subject at hand 
preclude a complete discussion of the symptomatology of lesions of the 
parietal lobe. We shall confine ourselves, therefore, to the essentials 
which are of value in the diagnosis of parietal abscess. Unfortunately, 
in almost all of the reported cases the situation of the lesion was mis- 
interpreted or the case report so brief that one is unable to draw any 
conclusions as to their neurologic symptomatology. 

The irritative motor symptoms are characteristically jacksonian 
seizures affecting the contralateral side of the body but particularly the 
upper extremity and face. These symptoms arc at times observed in 
infants and young children with otitis media, and in most instances 
recovery is complete. Whether or not the occurrence of these symp- 
toms signifies the development of an abscess can be determined only 

22. The wide variety of otogenous lesions, whether toxic, vascular or inflam- 
matory, which affect the dorsolateral surface of the brain are probably the result 
of an extension of the noxious agent along venous channels from the middle ear.’ 7 
The location and extent of the ultimate lesion are due in part to the pattern of 
the venous channels draining this area. The inferior anastomotic vein, which 
serves as the connecting link between the venous radicals draining the middle ear 
and the dorsolateral venous system, may empty into the superficial middle cerebral 
vein at any point along its course. This exposes to the influence of the noxious 
agent the posterior surface of the frontal as well as the parietal lobe. The marked 
motor as well as sensory manifestations so often present in these cases suggest 
that this area is actually affected. From a clinicopathologic point of view it 
seems best to designate this area as paracentral, although it is not to be confused 
with the paracentral lobule on the medial surface of the hemisphere. 
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by watching carefully the clinical course of the illness. In the first 
known reported cases of Pitt 5 typical jacksonian seizures were described. 
In a recent contribution on cerebral abscess Atkinson 23 stated that jack- 
sonian seizures are characteristic of lesions of the parietal lobe. Unfor- 
tunately in the earlier cases in our series complete clinical histories were 
not available, so it could not be ascertained whether the symptoms 
occurred. Ihe first patient (case 4) to come to our attention was said 
to have had convulsions of a generalized character with subsequent 
deviation of the head and eyes and contralateral hemiplegia. One 
patient (case 5) had characteristic contralateral jacksonian seizures with 
involvement particularly of the arm and face. 

Conjugate deviation of the head and eyes as a symptom of lesions 
of the posterior and inferior portion of the parietal lobe was first 
described by Landouzy 24 in 1879 and has been confirmed many times 
since. It was the subject of a recent contribution by Meyers 16 from 
the Los Angeles County General Hospital. When deviation occurs 
as a part of the seizure, the head and eyes are directed toward the con- 
vulsing members and away from the side of the lesion (case 5). Later, 
when paralysis has set in, the deviation is toward the side of the lesion 
(case 4). In either case deviation may be of so minor a degree as to 
be overlooked or may be absent altogether. 

Paralytic motor phenomena made their appearance in all of the 
cases which were observed personally but have not been recorded in 
most of the reported cases. No doubt minor manifestations of weak- 
ness have been overlooked in young children or in adults in a terminal 
state. In case 3 weakness was observed only by chance just before 
surgical exploration. In case 4 it developed after “generalized con- 
vulsions and was associated with conjugate deviation of the head and 
eyes toward the side of the lesion and away from the paralyzed mem- 
bers. In case 5, that of a child aged 2pj years, the right jacksonian 
seizures observed at the onset were followed by right hemiplegia, most 
marked in the arm and face. These manifestations slowly disappeared 
but reappeared when signs of pressure became evident. This suggests 
that motor symptoms are due to irritation or pressure on the precentral 
gyrus. In case 6 preterminal contralateral hemiplegia was noted. 

Sensory disturbances have long been recognized as primary parietal 
manifestations. The postcentral and perhaps adjacent cortex integrate 
the various sensory impressions from the opposite side of the body anc 


23. Atkinson, E. M. : Abscess of the Brain ; Its Pathology, Diagnosis and 
Treatment, Lancet 1:486 (March 10) 1928. 

24. Landouzy, L. : De la deviation conjuguee des yeux et de la rotat'on ‘ e 

la tete, etc., Bull. Soc. anat. de Paris 4:293 (April 18) 1879, citec > , ' 

I. M„ and Pitres, A.: Etude critique et clinique de la doctrine des loca .. 
motrices, Paris, Germer, Bailliere et Cie, 1883. 
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fuse them into a whole wherein- a person is able by touch to recognize 
the size, shape, weight and texture of objects placed in his hand. In 
this function the proprioceptive sense probably plays a leading role.-" 
In the lesions of the parietal lobe, the patient experiences a decreased 
sensibility- for all modalities without loss of any except tactile discrim- 
ination (astereognosis). In case 4 there was a history of paresthesia 
and numbness of the left extremities, beginning in the foot, if the record 
is correct. On examination there was hyperesthesia of the entire left 
side of the body. Because of mental torpor and decreased sensibility, 
a true estimate of stereognosis could not be reached. In case 5 because 
of the patient’s age (2>4 years) sensory changes could not be detected. 
Later, however, the appearance of minor seizures on the right side 
seemed to be heralded by sensory manifestations. She child would 
grasp the right arm and cry out in distress before the motor manifesta- 
tions became apparent. 

Trophic changes in the form of atrophy of the muscles of the contra- 
lateral extremities from parietal lesions in early life have been described 
by von Monakow. 20 This observation has been made recently by 
Silverstein 27 in a case of tumor of the parietal lobe. Most patients 
with parietal abscess do not survive long enough to enable one to 
determine whether or not atrophy occurs. In case 5 it had not occurred 
in the limbs affected during the acute stage of the abscess as late as 
two years after successful surgical drainage. 

Vasomotor disturbances have also been described by von Monakow 
in cases of lesions of the parietal lobe. It is of interest to note that 
in 1 of our cases the skin of the contralateral side was warmer to touch 
and that perspiration was obviously increased on that side. It is possible 
that these manifestations are not in themselves evidences of parietal 
dysfunction. 

Hemianopia has been described by various observers in instances 
of parietal lesions. In cases of tumor or abscess of the parietal region 
it is easily possible that the subjacent optic radiation is influenced by 
pressure or extension. This manifestation has not been observed in 
any of our cases. 

Disturbances of speech in cases of lesions of the cortex or sub- 
cortex of the parietal lobe constitute too large a subject for detailed 
discussion in this connection. Mind blindness, alexia, agraphia, apraxia 


25. Kramer, F. : 
19: 129, 1906. 


Die korticale Tastlahmung, Monatschr. f. Psychiat. u. Neurol 


26. von Monakow, C. : Gehirnpathologie, Vienna, Alfred Holder, 1905, p. 683 

27. Silverstein, A. : A Tumor of the Parietal Lobe Showing Jacksonian Sensory 
Seizures Involving the Tongue, Face, Thumb and Index Fingers with Advanced 
1 re ™ aturc Atrophy of the Affected Parts, J. Nerv. & Ment. Dis. 77:371 (April) 
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and disorientation have all been described. The size and exact situation 
of an abscess and the extent of involvement of surrounding cerebral 
tissue by encephalitis or edema have much to do with the manifestations 
presented. 

Of the various possibilities the one of particular interest is that of 
mind blindness, a subject introduced by Munk after a study of experi- 
mental cortical lesions in dogs. This has been greatly elaborated on 
by P6tzl.' s A person so affected is able to see clearly but fails to 
recognize even the most familiar faces and objects. He is therefore 
disoriented and helpless. He necessarily has sensory apraxia, for he 
fails to recognize the use of objects which he cannot identify. Thomas 29 
reported a case in which the patient “forgot” the affected extremities. 
A true paralysis did not exist, hut the patient did not use the affected 
extremities because he was unaware of their presence. This mani- 
festation, not observed in an)' of our cases, can be distinguished from 
paralysis if one calls the patient’s attention to these members and asks 
him to move them. Amnesic aphasia, affecting most often and most 
seriously the memory for names, is quite a common finding in associ- 
ation with lesions of the inferior parietal lobule. 

Disturbance of consciousness is a common manifestation of cerebral 
abscess usually attributed to increased intracranial pressure. However, 
in cases of lesions of the parietal lobe, repeated periods of uncon- 
sciousness have been described. We have not been able to determine 
whether this is any more true of parietal than of temporal abscess. It 
would be a difficult matter to settle this question when the parietal lesion 
is an abscess, since fluctuations in the degree of consciousness are a 
common accompaniment of abscess of the brain in any situation. 


SUMMARY 

The parietal lobe has been said to be the most unusual location for 
an abscess secondary to otitis media. A review of the literature would 
seem to substantiate this claim, although many abscesses in this situ 
ation have been miscalled as far as location is concerned. 

A series of 6 cases has come to our attention. Three of these were 
discovered in a review of 10,000 records made at autopsy. Two other 
cases were studied clinically as well; 1 terminated fatally after exp ora 
tion and in the other a correct diagnosis was made and the abscess was 
successfully drained. In the last case, a study was made of t he jraw, 
which was brought to our laboratory by the attending physician, 
also furnished us with the clinical history. 


28. Potzl, O. : Die Aphasielehre vom Standpunkte der 
Leipzig, Franz Deuticke, 1928, vol. 1. 

29. Thomas, cited without reference by Claude, H. . 
nerveux, ed. 2, Paris, J. B. Bailliere et fils, 1952, p. 435. 
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The distance between the middle ear and the parietal lobe predicates 
in most instances a vascular route for the transmission of the infection. 
The arterial route has been quite widely accepted as the one of choice. 
The frequent association of thrombosis of the lateral sinus and of other 
associated venous channels has led us to believe that invasion occurs by 
this route instead. Infection enters the venous radicals draining the 
middle ear and. with or without gross occlusion of the veins, extends to 
the parietal or other regions. 

The same anatomic type of abscess may occur in the parietal as in 
the temporal lobe. i. e., (1) acute diffuse abscess. (2) large circum- 
scribed abscess and (3) small encapsulated abscess. The vascular and 
other inflammatory lesions secondary to otitis media may occur here 
as well as in other parts of the brain. 

Otogenous abscess of the parietal lobe is frequently associated with 
one or two or more cerebral abscesses, which results in a complex 
clinical picture. It is at times associated with subdural abscess. In most 
of the reported cases the abscess has occurred on the left side of 
the brain. 

The characteristic symptoms of abscess of the parietal lobe thus far 
determined are jacksonian seizures affecting the contralateral members, 
often associated with deviation of the head toward the convulsing mem- 
bers, followed by monoplegia brachiofacialis. deviation away from the 
paralyzed side, sensory manifestations and at times aphasia. 

The incompleteness of the knowledge of the pathologic and clinical 
picture calls for a more critical study of every potential case and a 
careful examination of the system of connected venous channels of the 
brain should the case terminate fatally. More complete clinical records 
in such instances are necessary. 



DIAGNOSIS OF NEUROGENIC LESIONS OF THE 
URINARY BLADDER BY CYSTOMETRY 

AN APPRAISAL OF THE METHOD EASED ON EXPERIMENTATION 

WITH ANIMALS 

J. M. McCAUGHAN, M.D. 

AND 

J. H. HERSHEY, M.D. 

ST. LOUIS 

In clinical urology Rose and his co-workers 1 made studies of the 
urinary bladder by means of the cystometer, an instrument which records 
synchronous])' the intracystic capacity and pressure. The results seemed 
to indicate that valuable diagnostic criteria with respect to neurogenic 
lesions of the bladder could be obtained in this manner. These investiga- 
tors classified neurogenic dysfunctions of the bladder cystometrically 
into those caused by (1) irritation or destruction of the sympathetic, 
(2) irritation or destruction of the parasympathetic, (3) interference 
with the function of the nervus pudendus, (4) lesions of the central 
nervous system above the origin of the thoracolumbar (second 
dorsal) spinal segment, (5) psychic (hysterical) bladder, (6) reflex 
mechanism seen in cases of postoperative retention and (7) intraspinal 
or extraspinal injury provided the lesion affects one of the reflex areas 
of innervation of the bladder. 

In general, cystometric curves were interpreted as representing para- 
sympathetic or sympathetic overbalance if abnormal pressure and 
capacity were encountered. In the case of a destructive lesion of the 
sympathetic (1 in the classification) one expected to find abnormally 
low intracystic capacity and unusually high intracystic pressure. In the 
case of a destructive lesion of the parasympathetic ( section 2 in the 
classification) the reverse effects were expected. Irritative lesions, on 
the other hand, were presumed to produce an imbalance simply as a 
result of the overstimulation of one side or the other of the autonomic 

From the Department of Experimental Surgery, St. Louis University School 

of Medicine. . 

1. (a) Rose, D. K. : Cystometric Bladder Pressure Determinations : 1 Mir 

Clinical Importance, J. Urol. 17:487 (May) 1927. (b) Rose, D. K., and ea 11 ’ 

R. : A Cystometric Study of the Pharmac ology of the Bladder, Stirg., } nc( -- 
Obst. 46:221 (Feb.) 1928; (c) The Cystometric Diagnosis of Central Nervous 
System Syphilis: A New Appreciation of the Term Neurogenic Blatter, rn. 

Syph. 13:3 (July) 1929. (d) Rose, D. K. : Clinical Application of Blatiu 

Physiology, J. Urol. 26:91 (July) 1931. (c) Rose, D. K., j and R °1 n '" s * * 2 

Pyelonephritis in Pregnancy: Its Treatment and Prevention Base on 
Conclusions, J. A. M. A. 96:231 (Jan. 24) 1931. 
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system, and the e fleets observed eystometrieally were believed to relied 
this disturbance by varying the capacity and pressure within the bladder. 
Other factors not of neurogenic origin, however, entered into the final 
analysis of cystonietric records, particularly the coexistence of such 
pathologic conditions as obstruction of the neck of the bladder, urethritis, 
cystitis and cystocele. 

McCaughan, Major and Braasch - reported a group of eighty cases 
in which they attempted to correlate data from the cystonietric. cysto- 
scopic and neurologic examinations in order to evaluate the cystonietric 
data; they came to the conclusion that cystometry is only occasionally of 
positive value without other corroboratory data, either clinical or cysto- 
scopic. Watkins. 3 using somewhat similar methods, came to a similar 
conclusion. 

The present experiments were carried out on dogs in conjunction 
with other studies reported elsewhere 4 on the effects of sympathetic and 
parasympathetic denervation on the tonus of the rectum, colon and 
bladder. It seemed interesting at the same time to investigate the condi- 
tion of the urinary bladder in unanesthetized dogs by means of cys- 
tometry before, and at varying intervals after, such operative procedures 
as bilateral sympathectomy, parasympathectomy. hypogastric ganglioncc- 
toniy, resection of the pudic nerve and transverse division of the spinal 
cord at various levels. It seemed likely that certain difficulties in our 
experience with the interpretation of clinical cystomctrograms might be 
overcome by an analysis of cystonietric records obtained for animals in 
"hich definite lesions of the nerve supply to the urinary bladder had been 
produced experimentally. 

dhere are a number of theoretical and practical objections inherent in 
t re instrument as well as in the technic of its application: 1. The inter- 
mittent action of the pump causes the water to be ejected suddenly and 
I . )r ° duces a n °tched or toothed curve rather than a smooth one. 2. It is 
cu t to keep the valves clean, particularly if isotonic salt solutions are 
’ dds ’ s important because the clogging of the valves which invari- 
j '. causes inaccuracies in the volume output of the pump. 3. 

is somewhat troublesome to maintain proper sterilization of the 
‘ipaiatus. 4. Ihe use of air in the inlet or pressure-recording system is 
scientifically objectionable because of the great compressibility of air. 


Cystonm^ 311 '*' 1311 ' d ^ ’ ^ ajor ’ S. G., and Braasch, W. J. : Value of the Rose 
Man / l* 10 t ' le diagnosis of Neurogenic Affections of the Urinary Bladder in 
J’ Lro1 - 2.7:229 (Feb.) 1932. 

4 j^ at k' ns ’ EL: Personal communication. 

Nervous ^ ^ anc * McCaughan, J. M. : Surgery of the Autonomic 

and the r i' Stem ' Ehe Effect of Parasympathetic Denervation on the Rectum 
H. the Eff 1 (ExperimentaI Megacolon), J. Missouri M. A. 31:413 (Nov.) 1934; 
Bladflpr Sympathetic and Parasympathetic Denervation oil the Urinary 

der ' ,b 'd- 31:417 (Nov.) 1934. 
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5. The late at which the bladder is filled has not been adequately 
standardized. 6. There is no satisfactory means of controlling- the 
temperature of the fluid in the reservoir. 7. In a sensitive or inflamed 
u rethi a oi bladder, the irritation by catheter produces myogenic effects 
difficult to differentiate from the purely neurogenic effects. 8. In human 
beings value of the data based on subjective sensory experience varies 
greatly with the general level of intelligence and with the emotions. 
Nevertheless, a more important consideration is to be found in experi- 
mental data of numerous investigators with regard to the neuro- 
physiology of the urinary bladder. For example, a review of the 
literature on the physiology of the urinary bladder recently published by 
Gruber 5 6 7 8 emphasizes the fact that although the bladder is innervated by 
both the sympathetic and the parasympathetic system each nerve supplies 
impulses which are both motor and inhibitory, and there seems to be 
little difference in the effects of the two systems except that the impulses 
of the parasympathetic nerves are perhaps stronger. MacDonald and 
McCrea fl made similar observations with respect to gastric innervation, 
but of especial interest in this connection is the work of Potter/ who 
determined the intravesical pressures in unanesthetized clogs at varying 
intervals after parasympathetic denervation of the urinary bladder and 
found that they were the same as the preoperative readings. 

On the other hand, there is some evidence to support a belief in 
permanent neurogenic imbalance as a consequence of destructive lesions 
of autonomic nerves. Adamson and Aird s reported the experimental 
production of megacolon by the division of the pelvic nerves in cats. 
This work recently'- has been confirmed by' McCaughan and Hershey 
for cats, but in dogs the evidence was not so convincing. Variations 
among individuals and species, however, are not uncommon. 9 Further- 
more, Learmonth 10 reported favorable results from division of pre- 


5. Gruber, C. M. : The Autonomic Innervation of the Genito-Uffnary System, 
Physiol. Rev. 13:497 (Oct.) 1933. 

6. MacDonald, A. D., and McCrea, E. D.: Observations on the Control ot 
the Bladder : The Effects of Nervous Stimulation and of Drugs, Quart. J. Exper. 

Physiol. 20:379, 1930. T . 

7. Potter, J. C.: The Effects of Section of Both Sacral Nerves on Intra- 
vesical Pressure, J. Urol. 15:197 (Feb.) 1926. _ 

8. Adamson, W. A. D., and Aird, I.: Megacolon: Evidence in Favor o 

Neurogenic Origin, Brit. J. Surg. 20:220, 1932. 

9. Elliott, T. R.: The Innervation of the Bladder and Urethra, J. Fiiy 

32:367, 1906 - 1907 . , „ . 

10. Learmonth, J. R., and Braasch, W. F.: Resection of the Presacr, 

in the Treatment of Cord Bladder: Preliminary Report, Surg-, - nec ‘ L . , 
51:494 (Oct.) 1930. Learmonth, J. R. : A Contribution to the Neuropij Uar , 
of the Urinary Bladder in the Human Being, Brain 54:147 (June) c„ n , orv 
month, J. R. ; Montgomery, H„ and Counseller, V. S. : Resection o ' 

Nerves of the Perineum in Certain Irritative Conditions of the 'x 
Arch. Surg. 26:50 (Jan.) 1933. 
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sumablv overacting autonomic nerves for the relief of neurogenic 
imbalance of the urinary bladder in human beings. However, the rela- 
tive importance of destructive as compared with irritative lesions in 
the pathogenesis of neurogenic dysfunction of the bladder is not well 
known. In the experiments reported here the lesions were all 
destructive. 

EXPERIMENTAL PROCEDURE 


Female dogs of approximately similar weight and of docile disposition were 
chosen for training. The animals were catheterized repeatedly before operation, 
and cystometric readings were taken. It was found possible to train the animals 



Fig. 1. — Neuro-anatomy of the rectum, colon and bladder in the dog. The pelvic 
plexus is indicated by a; the sympathetic and parasympathetic fibers to the bladder 
rectum and descending colon, 'by b; the pelvic nerve, by c; the pubic ramus, by d) 
the pudic nerve, by e; the sacral plexus (first, second and third sacral roots)', 
by f; the sciatic nerve, by g; the ileum, by h; the lumbar plexus, by i; the obturator 
nerve, by j; the femoral nerve, by k; the promontory of the sacrum, by l ; the 
internal iliac artery, by m; the external iliac artery by n; the abdominal aorta, by 
o; the lumbar sympathetic chain, by p; the inferior mesenteric ganglion, by g; 
the ureter, by r; the inferior mesenteric artery by s; the hypogastric nerve, by / 
and the lumbocolonic nerve, by u. 

to submit easily to catheterization and to lie quietly while records of vesical 
capacity and pressure were obtained. The first records usually exhibited a greater 
tonus, as indicated by smaller capacity of the bladder and greater pressure than 
were shown in records made when the procedure had been repeated a number of 
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times. The technic used was similar to that employed in making cystometric 
observations on human beings, except that the subjective sensory experiences were 
not directly available. 

A two-way catheter was introduced into the urinary bladder and a sample of 
urine preserved for examination. The instrument consists essentially of a water 
manometer by means of which fluid at room temperature may be pumped from 
a tank or reservoir at its base into the bladder. This pump is so adjusted that a 
definite quantity (10 cc.) is delivered with each revolution of a crank which is 
geared synchronously with a kymograph. As originally described, the inlet 
connector of the cystometer contained air and communicated with a mercury 
manometer. In these experiments, for greater accuracy, the air was replaced with 
water. The outlet connector of the cystometer is attached to one' side of the two- 
way catheter and the inlet connector to the other side. The variations in intra- 


70 
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Fig. 2. — Bilateral parasympathetic denervation of the urinary bladder, a, P 
operative cystometrogram ; b, cystometrogram taken twelve da} s a ter p 
and c, cystometrogram taken thirty days after operation. 


cystic pressure are thus recorded on the kymograph by means of a wr' ' ^ 
which is attached to a float resting on the mercury column. trie as 
observed during catheterization, and the urine was frequently aaramw i 
dence of urinary infection. The fluid was introduced at a rate o app - , 

20 cc. a minute. When the cystometric curves for a particu ar anini ^, erc 
closely similar after repeated observations, the following operatne proc „ ra j^ 
performed: (1) parasympathetic denervation of the urinary a ccr ^ 

(2) sympathetic denervation of the urinary bladder (bilatera j, ^ ^ both 

the hypogastric ganglions on both sides, (4) division of ie P l nnerat ioiis were 
sides and (5) division of the spinal cord at various levels. 1 a for asepsis, 
done with the animal under ether anesthesia and with strict re S nr neurcc - 
Figure 1 shows the surgical anatomy of the dog in this region. P 
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tomy was done in every instance, and a segment of nerve from 1 to 1.5 cm. in 
length was excised. Following operation the animals were kept in suitable <|tinr- 
ters and fed a uniform diet of dog biscuit and all the water they desired. At 
varying intervals after operation, cvstomctric studies were made in the manner 
previously described. Urinalysis was likewise made frequently. Finally each 
animal was killed by ether narcosis, and a thorough necropsy wa*. performed. 

TYPICAL PROTOCOLS OK THE KXPKRIMKNTS 
Experiment 1. — Bilateral parasympathetic denervation nj the urinary bladder. 
The parasympathetic supply of a female dog weighing 11 Kg. was divided by 
operation on March 19. The course postopcrativelv was uneventful. Figure 2 
shows the cvstometric record before and after operation. The postmortem exami- 
nation, on April 25, gave negative results. 



volume in cc. 

Fig. 3— Bilateral sympathetic denervation of the urinary bladder : a, preopera- 
tive cystometrogram ; b, cystometrogram taken two days after operation, arid c. 
cystometrogram taken fifty days after operation. 


Curves b and c, made twelve and thirty days, respectively, after parasympathetic 
denervation, are apparently normal curves and closely resemble the curves obtained 
prior to operation. There is nothing in these curves to suggest overbalance of the 
sympathetic nerves. 


Experiment 2.— Bilateral sympathetic denervation of the urinary bladder. 

On February 16 a sympathetic denervation of the urinary bladder was done on 
emale dog weighing 17 Kg. The course after operation was without especial 
event Figure 3 shows the results of both preoperative' and postoperative evs 

0m Th, : s i a l The “T exam rl i0n ’ 0n AprU 26 ' ™rmal results, 
tonirt S 1 gC 3nd d ° CI C an ‘ ma! ’ frequentI >' fe ’l asleep during the evs- 

ometric examination. The preoperative cystometrogram curve a is un„«,Jlt 

smooth. Curve b, made two days after denervation was intent innall , y . 

because of the inflamed condition of the operative ’wound The in c "° C ? m ? leted 
cystic pressure noted here mav be the result of an iXmnJ ’ ntra ' 

abdominal wall rather than the result ** 

"* to to. .to operation, „ 
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ExvhHiMKST 3.- Excision of both hypogastric ganglions. 

On February 17 the hypogastric ganglions of both sides were removed from a 
female dog weighing 15 Kg. The general condition of the animal after operation 
was good, but unfortunately the urine became infected after the second cystometric 
examination. Figure 4 shows the cystometric curves obtained. The postmortem 
examination, on March 30, revealed no abnormalities except moderate cystitis. 



VOLUME in ec. 

Fig. 4. — Excision of both hypogastric ganglions : a, -preoperative cystometro- 
gram ; b, cystometrogram taken eleven days after operation, and c, cystometrogram 
taken thirty-seven days after operation (cystitis). 



Fig. 5. — Bilateral section of the pudic nerve: a, preoperative cjstome r^ 
b, cystometrogram taken six days after operation, and c, cystometrogram 
twenty-one days after operation. 

Curve b was made on the eleventh day after operation. The urine 
from infection at this time. Curve c was made thirty-two a>s po. ‘ an( j 
At this time there was marked pyuria. The increase in intrac\stic P r ^-^ t j me 
the diminution in capacity are rather striking. If no cystitis was preset ^ nem , 
curve b was taken, one might conclude that complete removal o t le 
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supply to the bladder is accompanied by definite increase in tonicity of the bladder. 
In curve c the presence of cystitis would be sufficient explanation for the lowered 
capacity and the increased pressure observed. 

Experiment d. — Bilateral section <>/ the f'mlic nerve. 

On April 13. the pudendal nerves of a female dog weighing Id Kg. "ere divided 
intraperitoneallv. The general condition of this animal after operation was excel- 
lent. There was neither urinary retention nor infection. 'I lie cvstometric records 
are shown in figure 5. 

Curve b, made six days alter operation, shows a reduction in the capacity of 
the bladder of approximately 50 per cent, hut the pressure remained about equal to 
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Fig. C. Transverse section of the spinal cord between the fourth and fifth 
umbar vertebrae : a, preoperative cystometrogram ; b, cystometrogram taken five 
( ajs after operation, and c, cystometrogram taken twelve days after operation. 


that noted before operation. Curve c, obtained three weeks after operation, shows 
some increase in the capacity of the bladder and a greater pressure than before. 
Is animal was particularly restless during the cystometric examinations, and 
tre was little uniformity even among preoperative records. Furthermore, there 
vas no urinary infection nor retention of urine. Rose and Rollins suggested that 

chikPeU ,1 bl ° Ck ° f the Pud ' C nerve C3USed by the P ro,on ged pressure of the 
head brought about the condition of postpartum retention. When the pudic 

vuK . a ; ° WCVer ’ were intentionally divided by Learmonth for the relief of pruritis 
was obta“ned tent ' 0n ** ° CCUTred ’ and in one case a normal cystometrogram 



PRESSURE -mm.of mercury 
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Experiment 5.— Transverse section of the spinal cord cattdad to the sympa- 
thetic outflozv and ccphalad to' the parasympathetic supply. 

On March 23 a transverse division of the spinal cord at the level of the 
fourth and fifth lumbar interspaces was done on a female dog weighing 10 Kg. 
After operation, there were complete paralysis of the hindlegs, urinary retention 
(from 200 to 2 50 cc.) and constipation. The urine was norma) on the first exam- 
ination but became infected shortly after operation. Figure 6 shows the cystometric 
curves obtained. On the twelfth day after operation the animal was killed by 
ether narcosis. 1 he postmortem examination revealed nothing abnormal except 
atrophy of the muscles of the hindquarters and severe hemorrhagic cystitis. The 
upper portion of the urinary tract showed nothing abnormal. 

The preservation of the parasympathetic outflow resulted in retention of urine 
with incontinence, and yet when the bladder was filled a fair degree of tonus 
remained. Loss of sphincteric control, however, permitted a leakage of fluid from 



Fig. 7 . — A transverse section of the spinal cord between the tenth and the 
eleventh thoracic vertebra : a, preoperative cystometrogram ; b, cystometrogram 
taken two days after operation, and c, cystometrogram taken eleven days after 
operation. 

the bladder fluid around the catheter. The cystometric curve fell gradually after this 
occurred. Curve b was made five days and curve c two days after section of the 
cord. In curve c, despite the cystitis, there is evident increase in both intracystic 
pressure and capacity. The cause of the extreme notching or toothlike effect o 
these curves is not entirely clear. It occurs with each ejection of fluid from t ic 
pump, but here it was exaggerated far more than in any of the previous expert 
ments. 

Experiment 6. — Transverse section of the spinal cord cephalad to both the 
sympathetic and the parasympathetic outflow. 

On March 23, the spinal cord of a female dog weighing 13 Kg. vas sectioned 
transversely between the ninth and the tenth thoracic vertebra. After opera io 
there were paralysis, constipation and urinary incontinence, with marke reten io 
of urine (400 to 500 cc.). The urine on the second examination showed a s 'B > 
degree of infection. Figure 7 shows the cystometric curves before an a fer I 
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ation This animal died on the fifteenth day niter operation. At postmortem 
examination the bladder was markedly contracted, and the mucosa was slightly 
hemorrhagic. The kidneys, ureter, colon and rectum grossly appeared normal. 

In this experiment both the sympathetic and the parasympathetic supply were 
destroyed. There was a much greater degree of urinary retention and incontinence 
than in the previous experiment. In curve h, made two days after operation, and 
in curve c, made eleven days postoperativelv, it will be noted that the capacity 
of the bladder is tremendously increased, whereas the intracvstic pressure is very 
low. Leakage about the catheter also occurred when the bladder became over- 
distended. This curve is similar to the cystometrograms obtained clinically in 
cases of tabes dorsalis and of other destructive lesions of the spinal cord in 
human beings. 

Experiment 7. — Control cystometrograms from a normal dog. 

Beginning March 3, a series of cystometrograms were made on a female dog 
weighing 11 Kg. Figure 8 shows three such curves: (a) the first curve made: 



volume in ec. 

Fig. 8. Control cystometrograms from a normal dog: a, first cystometro-ram 
m the senes; b, intermediate cystometrogram in the series, and c, last evstometro- 
gram in the series. 


(6) the intermediate curve, and (c) the final curve. All the other curves fell 
within this range. The animal cooperated satisfactorily, and the experiments ren- 
WCU the degreC * expected ‘under "normal 

COMMENT 

Destructive lesions of the extrinsic nerve supply to the urinary 
ladder m dogs produced by excising segments 1 to 1.5 cm. in length 
from the sympathetic, parasympathetic or pudic nerves did rm* g 
appreciable disturbance in the physiology of the bladder. The normal 
character of cystometnc curves was not significantly a u„ i 7 
'»■ ««c procedures. Transverse divisiou s„ T* ^ 

the lumhar outflow produced the typical picture ,,i '“ abovC 
clinically. This condition was 
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cystomctei. I'his evidence tends to support the views previouslv 
expressed by McCaughan, Major and Braasch 2 with regard to the value 
of cystometry clinically and is generally in accord with the results 
obtained from experimentation with animals by a majority of inves- 
tigators . 5 

I he importance of irritative lesions in producing vesical dysfunction 
deserves more careful investigation. A practical method for accom- 
plishing prolonged stimulation of nerve tissue in experimental animals 
has been suggested recently by Loucks 11 and also by Cannon . 12 We 
have been using a modification of the Cannon technic and propose to 
demonstrate the effects, if any, of this form of stimulation on the 
urinary tract, rectum and colon. 

CONCLUSIONS 

The cystometer is of greatest value in demonstrating the effects 
on the urinary bladder of destructive lesions of the spinal cord. When 
the lesion was placed elsewhere, as in the extrinsic nerve supply, the 
cystometric curves were generally normal or of no particular diag- 
nostic aid. 

Dr. F. W. Braasch of the Section on Urology at the Mayo Clinic, Rochester, 
Minn., provided the cystometer used in these experiments. 

11. Loucks, R. B. : Preliminary Report of a Technique for Stimulation or 
Destruction of Tissues ; Beneath the Integument and the Establishing of Conditioned 
Reactions with Faradization of the Cerebral Cortex, J. Comp. Psychol. 16:439 

(Dec.) 1933. . 

12. Cannon, Bradford: A Method of Stimulating Autonomic Nerves in the 
Unanesthetized Cat with Observations on the Motor and Sensory Effects, Am. J. 
Physiol. 105:366, 1933. 



VASO-ORCHIDOSTOMY WITH INTERPOSED 
SPERMATOCELE 

A PROCEDURE FOR TREATMENT OE STERILITY 

SEYMOUR F. WILHELM, M.D. 

JSFAV YORK 

The first recorded surgical attempt to reestablish the seminiferous 
channels was that of Bardenheuer, 1 who in 1 £86, following excision of 
the epididymis for tuberculosis, implanted the cut distal end of the vas 
deferens in the testis. Since then many operations have been devised 
for the relief of male sterility due to obstructive lesions in the 
epididymides. These fall into three main categories : 

1. Vaso-epididymostomv 2 

2. Vaso-orchidostcmy ® 

3. Miscellaneous operations 

(a) Vaso-orchidocystostoinv * 

(b) Sac epididymostomy 5 


From the Surgical Services of the Beth Israel and the Montcfiore Hospitals. 

1. Bardenheuer, B. : Die operative Behandlung der Hodentubcrculose durch 
Resection des Nebenhodens, Mitt. a. d. Koln. Biirgerhospital 3:129, 1886. 


2. (a) Bogoljuboff, W. : Experimentelle Untersuchungen iiber die Anastomo- 
senbildung an den ableitenden Samemvegen, Arch. f. klin. Chir. 72:449, 1904. (/;) 

Hagner, F. : Anastomosis of Vas Deferens to Epididymis, Tr. Am. A. Genito- 
Urin. Surgeons 8:142, 1913; (r) Sterility in the Male, J. Urol. 13:377, 1925; 
(d) Sterility in the Male, Surg., Gynec. & Obst. 52:330, 1931. (c) Lespinasse, 
V. D. : Obstructive Sterility in the Male, J. A. M. A. 70:448 (Feb. 16) 1918. 
(/) Martin, E. ; Carnett; Levi, and Pennington : Pennsylvania M. Bull. 20:388, 
1902; (g) Sterility from Obstruction at the Epididymis Cured by Operative Means 
New York M. J. 78:697, 1903. 

3. (a) Rasumowsky, W. J.: Eine neue Operation am Hoden, Arch. f. klin. 

Chir. 65:2, 1902. ( b ) Rolnick, H. C. : An Operation for Sterility in the Male, 
Surg., Gynec. & Obst. 45:557, 1927. (c) Stutzin, J. J. : Vaso-orchiclostomie! 

Ztschr. f. Urol. 18:132, 1924; ( d ) Zur Frage der Vaso-orchidostomie, Zentralbl'. 
L Chir. 53:264, 1926. Bardenheuer. 1 

4. (a) Gara, M.: Uebcr Cysten und Hohlraumbildungen, Zentralbl. f. Chir 
52:2238, 1925. (b) Lichtenstern, R„ and Gara, M.: Vaso-orchidostomie Ztschr 
i. urol. Chir. 24:156, 1928. 


5. Lespinasse, V. D.: fa) The Relief of Sterility by Means of Permanent 
Epididymostomy, J. A. M. A. 63:1916 (Nov. 28) 1914; (b) Tr A Genito Urin 
Surgeons 12:339, 1919; (c) Sterility in the Male, Illinois M. J 61-509 193? 
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Fig. 1. — The first stage in the operation, permanent vasostomy, in which the 
vas deferens is cut. 



Fig. 2. — A step in the first stage showing a blunt needle inserted into the vas 
deferens for the injection of iodized oil for seminal vesiculography. 
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(c) Transplantation of the saphenous vein as a substitute for 

the vas deferens n 

(d) Vaso-urcthrostnmy 6 7 8 

There are valid objections to most of these operations on anatomic and 
physiologic grounds/ 

It appears from a review of the literature that Martin's vaso- 
epididymostomy with technical modifications is the most popular and 
the most successful operation for the reestablishment of the semi- 
niferous channels following bilateral obstructive epididymitis. The 



Fig. 3. — The first stage completed. Isote that the skin is loosely sutured about 
the vasostomy opening, leaving a raw surface for cpitiielization. Scrotal hair, 
though shaved at the time of the operation, has been diagrammatical^ inserted. 

largest series of cases has been reported by Hagner.- d He achieved 
successful results in nineteen of thirty-one patients, or 61 per cent. 
However, this operation has been successful in the bands of only a 
few surgeons and has never attained widespread popularity. The large 
number of unreported failures is undoubtedly the reason for the pessi- 

6. von Mezo, A.: Neue Richtungen in der Behandlung des mechanischen 
Aspermatismus, Ztschr. f. urol. Chir. 21:33, 1926. 

7. Boari, A.: L’lmplanation des canaux deferents dans l’urethre anterieur 

Semaine tned. 29:445, 1909. ’ 

8. Lichtenstern and Gara. 4 ’> Rolnick. 31 ’ 
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mistic outlook toward this relatively nondangerous operation for an 
otherwise hopeless condition. 

On the other hand, it is agreed that the likelihood of success is 
gieatly enhanced if a spermatocele is present or can be formed 
artificially. 9 Lespinasse, 5 ” Rolnick 10 and Lichtenstern and Gara 4b have 
worked toward this end, with, however, limited or no success. It 
would seem that the solution of this problem, i. e., the artificial creation 



Fig. 4. — A vasoseminal vesiculogram demonstrating the patency of both vasa 
deferentia. The seminal vesicles are normal. Note the iodized oil in the bladder. 

of a spermatocele, would materially increase the percentage of success 
of operations to reestablish the seminiferous channels. With this in 
mind I have attempted to devise an operative procedure which would 
more nearly reproduce the normal anatomic conditions. 

The criteria for this operation were as follows: 1. The entire 
spermatogenic tissue should be used. 2. The testis should not lie 


9. Hagner. 2 ' 1 Rolnick. 3b 

10. Rolnick, H. C.: The Etiology of Spermatocele, J. Urol. 19:61.1, 1928. 
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damaged 3 The site of the anastomosis should he completely epi- 
thelial so that a minimum of scar was formed. 4. A funnel-shaped sac 
lined with epithelium, analogous to a spermatocele, should he estab- 
lished to unite the larger cut open surface of the tubules ot the 
epididymis or of the rete testis to the smaller divided end of the vns 

deferens. , , . , . . . - 

Following experiments on animals in the pathologic laboratories ot 

the Montefiore Hospital, this operation for the reestablishment of the 
seminiferous channels was carried out in two stages. J he first stage 



Fig. 5. — The second stage in the operation, vasosac orchidoslomy. The vas 
deferens is freed with an attached cuff of new hairless skin. 

consisted of permanent vasostomy. After complete healing had taken 
place the second stage, vasosac orchidostomy, was performed. 

TECHNIC OF THE OPERATION 

First Stage: Permanent Vasostomy.— The vas deferens is isolated through a 
small high scrotal cutaneous incision. Vasoseminal vesiculography is then per- 
formed by the injection of iodized oil into the distal portion of the vas deferens 
to demonstrate its patency into the urethra (figs. 1, 2 and 4). 

The vas is cut across close to the epididymis, and its distal end implanted mto 
the scrotal skin, creating a permanent vasostomy. A strand of silkworm gut is 
left in the lumen of the vas deferens. It is very important that the scrotal skin 
lie loosely sutured around the implanted end of the vas deferens, leaving a raw 
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area. This allows a cuff of new hairless epithelium to grow inward from the 
edges of the scrotal wound to and surrounding the vasostomy opening (fig. 3). 

Second Stage: Vasosac Orchidostomy . — The testis and epididymis are exposed 
through a low scrotal incision. The epididymis is aspirated or incised for sperma- 
tozoa; the testis can be aspirated if necessary. The epididymis is incised freely 
or cut across at the place where spermatozoa are found. If no spermatozoa are 
found in the epididymis, an epididymectomy is performed, cutting transversely 
across the efferent ducts of the rete test is, leaving them gaping widely open 
(fig. 6 A). Bleeding is carefully controlled, preferably by pressure and the applica- 
tion of epinephrine. The vas deferens is freed with a cuff of hairless skin 
remaining attached around the vasostomy opening (fig. 5). The edges of the 
cutaneous cuff are sutured to the cut margins of the epididymis or to the tunica 
albuginea around but at some distance from the sectioned efferent ducts of the 
rete testis, forming an umbrella-like sac (fig. 6). The incision of scrotal skin is 
closed with interrupted plain catgut sutures without drainage. 



Fig. 6. — A diagram of the steps in the vasosac orchidostomy. A indicates the 
stage at which the epididymis is cut, B and C, the skin flap with the end sutures, 
and D, the external view of the completed operation. 


COMMENT 

By performing the operation in two stages, i. e., with preliminar) 
vasostomy, one can be fairly certain that the opening of the tas 
deferens is patent before proceeding with the major step of the anasto 
mosis. This tends to eliminate late stricture s and occlusion of the vas 
deferens at the site of anastomosis, a frequent c-iuse of failure of these 
operations. 3b If for some reason the vasostomy opening should close, 
another can easily be made. 

In addition, the presence of an umbrella-like cuff of hairless new 
skin epithelium about the vas deferens (figs. 5 and 6) enables one to 
place the sutures a good distance away from the site of anastomosis. 
Thus there is no irritation or inflammation by foreign bodies near ti 
opening of the epididymal tubules or the efferent ducts of t ic ret ■ 
testis. This makes the operation quite simple for surgeons o ore man 
skill and eliminates another cause of failure of vaso-epidid\most( 
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i. e., inflammation and necrosis about the suture line with later sear 
contracture closing the anastomosis opening. 1 1 

Though Lespinasse in 1916 Sa proposed the formation of a sper- 
matic sac or spermatocele of vein, skin or bladder mucosa, there is no 
report of such a procedure ever having been carried out. Unfor- 
tunately Lespinasse did not consider the possibility of implanting the 
vas deferens into such an artificially created spermatic sac but confined 
its application to cases in which the pelvic vas deferens was occluded. 
He suggested periodic tapping of the sac for purposes of artificial 
insemination. Another obstacle to the ultimate success of bis procedure 
was the use of Delbet’s rubber instead of living epithelial tissue to 
form the sac. So far as can be ascertained from the literature, skin 
has never before been used to create an artificial spermatocele or sper- 
matic sac into which the vas deferens has been implanted. In addition, 
no mention has been found of the application of vasoseminal vesicu- 
lography for the purpose of proving patency of the seminiferous 
systenr from the site of anastomosis of the vas deferens into the 
urethra. ■ 

The experimental work and clinical experiences on which this 
technic is founded will he reported in a later communication. 


11. Rolnick. :l, ' Stutzin. , ‘ I 



MELANOSIS COLI 

ITS CLINICAL SIGNIFICANCE 
ALFRED J. ZOBEL, M.D. 

AND 

DAVID A. SUSNOW, M.D. 

SAN FRANCISCO 

Since its first description by Cruveilhier 1 in 1829 melanotic pig- 
mentation of the large intestine had been only occasionally observed. 
From his autopsy observations made in 1858, Virchow 2 applied the 
term melanosis coli to the condition. It was 1911 before the first clinical 
report by Pick 3 appeared on the recognition sigmoidoscopically of this 
discoloration of the intestine. 

While melanosis coli is not a rare condition it is practically unknown 
to the average physician. When observed sigmoidoscopically it usually 
has been passed by or referred to casually as “brown bowel” or by 
some other descriptive term and its clinical significance overlooked. 
The latter circumstance has prompted us to present this paper. 

GROSS APPEARANCE THROUGH THE SIGMOIDOSCOPE 

The mucosal pigmentation in melanosis coli varies widely in dif- 
ferent persons. It is usually some shade of brown ranging from a 
light, almost gray, tone to a deep, dark hue almost inky black. In 
the earliest stages the pigmentation is demonstrable only microscopically. 
Most writers have described the pigmentation as being deepest in the 
cecum and ascending colon and becoming gradually less pronounced 
distally and rarefy being more intense in the distal part of the intestine. 
The entire colon usually is not involved. 

According to Lubarsch and Borchardt, 4 the pigmentation is mainly 
in the cecum, appendix and ascending colon. Lignac 5 stated that the 

From the Department of Proctology, Division of Surgery, of the Mount Zion 
Hospital. 

1. Cruveilhier, J. : Anatomie pathologique du corps humain, Paris, J.-B. 
Bailliere, 1829-1835, vol. 19, p. 6. 

2 Virchow, Rudolf: Die pathologischen Pigmente, Virchows Arch. f. path. 
Anat. 1:379, 1847. 

3. Pick, L. : Ueber die Melanose der Dickdarmschleimhaut, Berl. klin. 
Wchnschr. 48:840 (May 8); 884 (May 15) 1911. 

4. Lubarsch, O., and Borchardt, H. : Die Melanosis Coli, in Henke, F„ am 
Lubarsch, O. : Handbuch der speziellen pathologischen Anatomie und Histologie, 
Berlin, Julius Springer, 1929, vol. 4, p. 75. 

5. Lignac, G. O. E. : Ueber sogenannte “Melanosis Coli,’ Kranklieitsforschtmg 

2:162, 1926. 
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melanosis is mainly in t lie cecum and rectum, with occasional pigmen- 
tation in the ileum. Stewart and Hickman' reported that the dis- 
coloration is almost invariably more intense in the cecum and ascending 
colon, although rarely the melanosis may he deeper in the distal than 
in the proximal portion of the large intestine. Bockus ' and hi*- 
co-workers found that when the pigmentation is not uniformly dis- 
tributed it is always more intense in the rectum and in many cases 
gradually diminishes in the upper portion of the descending intestine. 



Fig. 1. — A sketch showing the common form of melanosis coli. 



Other than a melanotic discoloration there are usually no changes 
ln the m ucosa of the intestine. Frequently there is accompanying 

atm° US u COlltis ‘ T ! iere are no indications of pigmentation elsewhere, 
although metastasis of the pigment to the mesocolic lymph nodes 
occurs at times. There is no evidence as yet as to the more widespread 


j. E ' lL: con, 

EtioLl°? J \ H - L ’’ ^ l51ar<i ’ J - H ’’ and Bank > Joseph: Melanosis Coli: The 
193.1 g Significance of the Anthracene Laxatives, J. A. M. A. 101:1 (July 1) 
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metastasis of melanosis. The pigmented area of the portion of the 
intestine affected is broken up into small polyhedral shapse by a net- 
work of fine unpigmented lines which correspond, according to Pick, 
to the ramifications of the mucosal blood vessels. In less advanced 
stages the pigmented areas are smaller as well as lighter, with a 
brownish stippling against a normal-appearing mucosal background. 
The solitary follicles of the intestine, being devoid of pigment, stand 
out as small yellow follicles the size of a pinhead. They are marked 
even in the early stages of melanosis and are helpful in making macro- 
scopic diagnosis. 

The appearance of the mucosa of the intestine has been compared 
to that of snake skin, crocodile hide, tiger skin and a cross-section of 
nutmeg. 

HISTOLOGIC APPEARANCE 

The pigmentation is usually confined to the stroma of the mucous 
membrane, where it lies in the cytoplasm of large mononuclear cells, 
the exact nature of which has not been settled. The distribution in 
the mucosa varies. In mild cases it is usually in the mucosal villi, 
while in the advanced stage it is either in the depths of the mucosa close 
to the muscularis mucosae or scattered throughout its thickness. T his 
distribution is probably due to the formation of melanin superficially 
followed by a migration downward. 

The pigment is usually intracellular, but free granules are also 
present. The epithelium of the mucosa is usually pigment-free. 

CHARACTER AND SOURCE OF THE PIGMENTATION 

There is a great diversity of opinion with regard to the character 
and source of the pigmentation in melanosis coli. It is generally 
believed that the pigment is a true melanin or melanin-like substance. 

It was formerly believed that pigmentation of the intestine was due 
to ingestion of preparations of heavy metals, such as mercury or lead. 
This view, however, was not substantiated by subsequent chemica 
analysis of sections of pigmented melanotic intestines. Frorn^ his 
chemical studies, Virchow suggested a hematogenous oiigin. Dus 
view was put forth by others, and the condition is still referred to m 
many places in the literature as hemochromatosis (Lynch , Gant ). 

It is difficult to explain the limitation of the pigmentation to the colon 
if the source is hematogenous. 

S. Lynch, J. M. : Diseases of the Rectum and Colon, Philadelphia, Lea & 
Febiger, 1914, p. 374. 

9. Gant, S. G. : Diseases of the Rectum, Anus and Colon, Philadelphia, 
W. B. Saunders Company, 1923 , p. 86. 





Fig. 3.— A high power photomicrograph showing pigmentation in the stroma 
of the mucous membrane of the rectum. 


intestine and converted into melanin within the connective tissue cells 
of the mucosa by the action of a tyrosinase-like ferment produced by 
the connective tissue cells. This ferment is produced only in certain 
persons. O ther theor.es propose the formation of a ferment in the 

10 ',i° Ig , er ’ l . F ' , B ' : Dickdar mmelanose, Inaug. Dissert., Greifswald 1898- 
quoted by Lubarsch and Borchardt. 4 ’ • 
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contents of the intestine and the production of melanin by that portion 
of the mucosa which comes in contact with the ferment (Mc- 
Farland n ), the production of pigment by bacterial action (Dalldorf 12 ) 
and the derivation of melanin from foodstuffs and then phagocytosis by 
the cells of the mucosa of the intestine (Laidlaw 13 ). 

The etiologic significance of the anthracene laxatives in relation to 
melanosis coli has recently been described by Bockus and his 
co-workers. 7 These observers concluded that "the anthracene laxa- 
tives either contain or elaborate a pigment within the bowel which is 
phagocytised by the deep mucosal cells causing melanosis coli.” They 
obtained a history of the long use of anthracene laxatives, usually 
cascara sagrada, in 100 per cent of their cases of melanosis of the 
bowel. The association of melanosis with constipation or stasis seems 


Clinical Features in Patients with Melanosis of the Bowel 


Patient 

Sex 

Age, 

Years 

Chiet 

Complaint 

Appearance 
of Mucosa 

Laxative 

Taken 

Other Observations 

1 

M 

56 

Mucous discharge 
from rectum 

Scattered pig- 
mented points 

Cascara 

sagrada 

Mucous colitis 

2 

F 

50 

Bleeding by 
rectum 

Alligator skin 

Cascara 

sagrada 

Mucous colitis 

3 

M 

69 

Pain in rectum 

Alligator skin 

Aloe, 

strychnine 
and phenol- 
phthalein* 

Proctitis: internal 
hemorrhoids 

4 

F 

52 

Bleeding by 
rectum 

Tiger skin 

Cascara 

sagrada 

Internal hemorrhoids 

5 

F 

40 

Constipa tion 

Alligator skin 

Cascara 

sagrada 

Internal hemorrhoids: 
mucous colitis 

6 

M 

64 

Bleeding by 
rectum 

Alligator skin 

Cascara 

sagrada 

Internal hemorrhoids 

7 

F 

41 

Pain in rectum 

Alligator skin 

Cascara 

sagrada 

Fissure in the anus 


* Aloe contains an anthracene derivative. 


to be definitely established. This probably explains the frequency of 
melanosis in surgically resected appendexes and in malignant processes 
of the intestine. 

report of cases 

In 7 of 20 0 persons examined by sigmoidoscope in our clinic we 
observed melanotic discoloration of the bowel. This was an incidence 
of 3.5 per cent. In five the appearance could be likened to an alligator 
skin. Another suggested somewhat the cross-section of nutmeg anc 
the other presented widely separated stipplings of light biown pig- 
mentation. The table summarizes certain clinical features of our cases. 

11. McFarland, W. L. : Pigmentation cf the Hind-Gut, J. A. M. A. 69:1946 
(Dec. 8) 1917. 

12. Dalldorf, G. J. G. : Melanosis Coli, Beitr. z. path. Anat. u. z. allg. 1 at t. 

78:225 (Aug.) 1927. _ 

13. Laidlaw, G. F : Melanoma Studies, Am. J. Path. 8:447 (Sept.) 
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The most striking feature was that all these seven patients took 
cascara sagrada. This is quite in agreement with the report of lindens 
and his co-workers. It is of interest that when one of our patients 
was told that she had “brown bowel” she suggested that it might be 
due to the cascara sagrada which she had been taking for a long time, 
“for cascara is brown.’’ 

In all our cases constipation had been present for many years. 
Examination disclosed intestinal stasis in each. I he headache, drowsi- 
ness, dizziness and other symptoms of which these patients complained 
were probably due to the colonic stasis and not to the melanosis, tor 
similar symptoms may occur in patients with stasis of the colon with- 
out melanosis. It is our belief that melanosis coli per sc pnxluces no 
symptoms. We have no evidence that this pigmentation of the bowel 
is detrimental. 

Contrary to the report of most observers that the pigmentation is 
deepest in the cecum and ascending colon and becomes more intense 
in the distal part of the intestine, we found that the pigmentation was 
deepest distally, in the rectum just inside the anal sphincter. Above 
this area of deepest pigmentation the coloration became gradually 
lighter as far as we could determine sigmoidoscopically. 

Eockus reported that from four to twelve months is usually neces- 
sary for a complete disappearance of the pigmentation when proper 
treatment is instituted. We have observed that following treatment 
for the constipation and usually associated catarrhal colitis there was 
a partial clearing up of the pigmentation. Our treatment consisted of 
nonanthracene cathartics, enemas of tap water, and a nonputrefactive 
diet. We have not observed a complete disappearance. Our first 
patient has been under observation and treatment for one and one-half 
years. 

SUM MARY 

The gross and histologic characteristics of melanosis coli have been 
reviewed. 

Melanosis coli was observed in seven of two hundred consecutive 
persons who underwent sigmoidoscopic examinations. 

The chief apparent factors were chronic constipation and the 
use of anthracene laxatives over a long period of time. 

The pigmentation partially disappears when the anthracene laxa- 
tives are stopped and steps are taken for the correction of the 
constipation. 

Melanosis coli per se is not detrimental. 



GANGRENE OF THE BUTTOCK, PERINEUM AND 
SCROTUM DUE TO ENDAMOEBA 
HISTOLYTICA - 

REPORT OF A CASE 
FRANK L. MELENEY, M.D. 

NEW YORK 

AND 

HENRY E. MELENEY, M.D. 

NASHVILLE, TENN. 

In a recent paper one of us (F. L. M.) 1 presented a clinical and 
bacteriologic differential diagnosis between certain varieties of acute 
and chronic infectious gangrene of the skin. One of the chronic forms 
which was described in that summary was attributed to the pathogenic 
action of Endamoeba histolytica, but it was pointed out that in the 
reports of cases which had appeared in the literature no mention had 
been made of a careful study of the anaerobic organisms present in the 
lesion and that in many cases the identification of the protozoon present 
as E. histolytica was open to question. In certain of the cases, to be 
sure, there was direct evidence and in others circumstantial evidence 
that E. histolytica was present and was playing a prominent, if not a 
predominant, role in the production and continuation of the disease 
process. 

Recently we have had the opportunity of observing and treating a 
patient in whose lesion we were able not only to identify E. histolytica, 
apparently actively engaged in a destructive process in the periphery 
of the affected area, but to rule out by careful anaerobic studies the 
presence and activity of any anaerobic or micro-aerophilic organisms 
such as are found constantly in certain other forms of chronic gangrene 
with which this disease might be confused. We have also been able to 
observe certain clinical characteristics of this disease which might be 
helpful in differentiating it clinically from some of the other types of 
infectious gangrene of the skin. For these reasons it seems worth while 
to report our observations. 

From the Surgical Service of the Presbyterian Hospital, New York, and the 
Department of Preventive Medicine and Public Health, Vanderbilt University 
School of Medicine, Nashville, Tenn. 

1. Meleney, F. L. : A Differential Diagnosis Between Certain Types of Infec- 
tious Gangrene of the Skin, Surg., Gynec. & Obst. 56:847, 1933. 
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I.ITEKATURK 

Amebiasis is generally believer! to be a tropical disease, }<t it fit 
quently occurs sporadically throughout the temperate zones, and the 
recent experience in Chicago indicates that it may reach epidemic pro- 
portions in northern climates." Amebic infection of the skin has tisttulh 
been described as occurring after the spontaneous or surgical drainage of 
a deep focus of amebic infection, such as an abscess in the liver or a peri- 
toneal abscess following a perforated ulcer of tbe colon. Such cases have 
been reported by Hcimburgcr . 3 Xasse.' Dabornand Hermann,' Hermann 
and Ricou* Gauducheau . 7 Carmini." Ch’eng.’* M. F. Engman Jr. and 
H. E. Meleney , 10 Cole and Heideman.” Marwits and Van Steenis 12 
and others. Maxwell 12 and Van Hoof" described fistulas, abscesses 
and ulcers in the region of the anus and buttocks which they attributed 
to the ameba. M. F. Engman Sr. and Heithaus ,s and Hansen and 
Stark 10 described lesions of the skin which were not associated with 


2. Bundesen, H. X.; Tonnev, F. O., and Rawlings, I. D.: Tbe Outbreak of 
Amebiasis in Chicago During 1933: Sequence of Events, J. A. M, A. 102:367 
(Feb. 3) 1934; Amebiasis Outbreak in Chicago: Report of a Special Committee, 
ibid. 102:369 (Feb. 3) 1934. 

3. Heimburger, L. F. : Amebiasis Cutis, with a Survey of the Medical Litera- 
ture to Date, Arch. Dcrmat. & Syph. 11:49 (Jan.) 1925. 

4. Xasse, D.: Ueber einen Amoebenbcfund bei Leberabscessen, Dysenteric 
und nosocomial Gangran, Arch. f. klin. Chir, 43:40, 1892. 

5. Daborn and Heymann: Abces amibien du foie, suivi de pbagedenisme de 
la plaie operatoire et d’abces cutane amibien, Bull. Soc. med.-chir. dc lTndo-Cbine 
3:518, 1912. 

6. Heymann and Ricou: Un cas de pbagedenisme cutane amibien. Bull. Soc. 
med.-chir. de l’lndo-Chine 7:64, 1916. 

7. Gauducheau: A propos de l'ulcere phagedeniejue amibien, Bull. Soc. med.- 
chir. de l’lndo-Chine 7:118, 1916. 

8. Carmini, A.: Phagedenisme cutane amibien, Bull. Soc. path. exot. 5*216 
and 799, 1912. 

9. Ch eng, C. C. . Cutaneous Amoebiasis Resulting from Ruptured Liver 
Abscess Coincident with Kala Azar: Report of Case, China M. J. 45:350, 1931. 

10. Engman, M. F., Jr., and Meleney, H. E.: Amebiasis Cutis (End’ameba 
Histolytica): Report of Two Cases, Arch. Dermat. & Syph. 24:1 (July) 1931. 

11. Cole, W. H., and Heideman, M. L.: Amebic Ulcer of Abdominal Wall 

Following Appendectomy with Drainage: Report of a Case T A \f A oo.rr? 
(Feb. 16) 1929. ■ * . a. m.m/ 


12. Marwits, E. L„ and Van Steenis, P. B. : A Case of Amebiasis Cutis After 
incision of Pericecal Abscess, Urol. & Cutan. Rev. 35:313, 1931 

13. Maxwell, J. L.: Fistulous Diseases of the Buttocks’, Tr. Rov Soc Tron 

Med. & Hyg. 6:50, 1912. ’ b0C ' lrop ’ 

14. Van Hoof, L.: Abces fistules et ulceres, d’origine amibienne, Ann Soc 

beige de med. trop. 6:4 d, 1926. * ^ oc ‘ 

V&fiST * *• “* H ' i,h ” S ' A ' S ' : ** J. Cma„. Dis. 

16. Hansen, G. M„ and Stark, L. : 

Nebraska M. J. 16:23, 1931. 


Amebiasis Cutis with Report of Case, 
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an internal amebic disease and which were thought to be infected with 
amebas introduced from without. 

Ngai and Frazier 17 recently reported three cases of a condition 
which apparently falls into the group of cutaneous amebiasis. Their 
first patient suffered from a perianal condylomatous lesion with 
a punched-out ulceration which gradually increased in size for three 
weeks. This was preceded by a period of bloody diarrhea lasting for three 
weeks. On Iris admission to the hospital an examination for amebas in 
the stools gave negative results, and no spirochetes could be found in the 
lesion. Cultures yielded a nonhemolytic streptococcus and an unidentified 
gram-positive bacillus. Anaerobic cultures were not reported. The 
lesion failed to respond to local nonspecific treatment. Two weeks after 
the patient’s admission a scraping from the wall of the ulcer was 
examined and E. histolytica was found. Its presence in the tissue was 
confirmed by biopsy. The lesion promptly healed after the administra- 
tion of emetine hydrochloride hypodermically and chiniofon locally. 
There seems to be no doubt that the amebas were active in the patho- 
logic process and were probably responsible for it. The second patient 
had a syphilitic lesion of the urethra secondarily contaminated by 
amebas. The third patient had a papilloma of the anus secondarily 
invaded by amebas. The authors were not sure that the amebas were 
of primary importance in the last two cases. Their report contained a 
good review of the literature. 

REPORT OF CASE 

History. — S. J. W., a Chinese kitchen helper, aged 51, was admitted to the 
Emergency Clinic of the Presbyterian Hospital on Dec. 22, 1933. He spoke no 
English, and his “interpreter” was not able to give a detailed history or to answer 
questions except to say that the patient was known to have had diabetes for 
several years. The man was obviously desperately ill. 

On the second day we were able to obtain the following fragmentary notes . 
Eight years before admission he was found to have diabetes. Under treatment by 
a physician he was rendered sugar-free. He had taken insulin from time to time, 
but none recently. During the previous two years he had lost from 40 to 50 
pounds (18.1 to 22.7 Kg.) and had had periods of bloody diarrhea which came 
on every two or three months and lasted for about two weeks. 1 here was no 
associated abdominal or rectal pain with these attacks of bleeding, and he 
had received no medication for them. One month before admission be noticed a 
small, hard, tender lump just to the right of the anus. This gradually increased 
in size and tenderness for three weeks until he could not sit down or defecate 
without pain. About ten days before admission the whole area ' burst and dis- 
charged large quantities of foul-smelling pus and necrotic tissue. Since that time 
he had steadily gone down hill. 

17. Ngai, S. K., and Frazier, C. N.: Cutaneous Amoebiasis: A Review and 
a Report of Three Cases Observed in North China, Chinese M. J. 47:1154, 1933. 
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Examination. — The patient was dehydrated and had an acetone l.reath, and the 
lesion filled the surrounding atmosphere with a foul, cadaveric odor, ills sku. 
was extremely pale and sallow, ldis teeth were carious, and Ins throat was dry. 
Examination of the lungs revealed fine crackles at both apexes; otherwise they 
were clear. The heart was not enlarged, the sounds were of fair quality, and there 
was a systolic murmur at the apex. The abdomen was soft and symmetrical 
and was not tender. On the right buttock there was a large foul-smelling ulcera- 
tion extending from the upper margin of the sacrum down to the upper third of 
the thigh, outward to the great trochanter of the femur and inward to the anal 
region, along the whole length of (lie irrfergluteal fold forward to the perineum 
and upward in the right groin. In the upper ]w>rtion the margin was irregular 
with rolled-in skin and moderate undermining. The region of the anus was com- 
pletely undermined with a crenated margin of skin and a puckered cutaneous 
surface. Extending outward from the anus was an irregular area of skin with 
rol!ed-in margins and a corrugated surface. Near the aims was a hard fibrous 



Fig. 1. — The lesion at the time of the patient’s admission to the hospital. Note 
the undermined skin with its wrinkled surface and the zone of gangrene below, 
sharply demarcated from the living skin which is not raised. The base of the 
ulcer is shaggy. 


nodule. At the lower margin of the lesion on the thigh and in the region extend- 
ing upward in the right groin was a strip of gangrenous skin firmly adherent 
to the margin of living skin and fairly sharply demarcated from it. The gan- 
grenous skin was depressed, but the living skin was not raised or purplish 
and there was no blush outside the area of gangrene. The lower margin of the 
scrotum on the right side was also undermined, and the right margin of the 
scrotum was gangrenous. The base of the ulcer consisted of very shaggy dusky 
granulation tissue covered with a foul-smelling grayish exudate (fig n The 
patient’s temperature was 101 F, the pulse rate, 100, the respiratory rate At 
and the blood pressure 110 systolic and 70 diastolic. Analysis of the blood 
revealed: hemoglobin content, 25 per cent; red blood cells 2 120 000 n 

blood cells, 14,000, with polymorphonuclears, 87 per cent The urine shm 1 " ' ° 

;<+>• <«-» rv ia ? ic * d «+>■ 
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Course .— The patient required emergency treatment to reduce the 
acidosis, lower the blood sugar, increase the body fluids and raise the hemo- 
globin content. It was thought that any operative procedure at that time would 
prove fatal. He was given 30 units of insulin at once, and 1,500 cc. of solution 
of sodium chloride by hypodermoclysis and 1,500 cc. intravenously. Orange juice 
(120 cc.) was given by mouth every hour. Each specimen of urine was tested 
for sugar, acetone and diacetic acid, and 10 units of insulin was given following 
a strongly positive test for sugar and 5 units after a weakly positive test. The 
patient improved at once and the next day he was given a fluid diet with 150 Gm. 
carbohydrate, 70 Gm. protein and 100 Gm. fat with insulin in three doses 
during the day of 15, 10 and 10 units. He was then given a transfusion of blood, 
and his condition steadily improved. 

Diagnosis. The history suggested the possibility of an amebic infection, and 
an intern made an examination of the exudate from the wound for amebas, but 
none were found. Examination of the stool for amebas was ordered, but through a 
misunderstanding it was not made at this time. A bit of tissue sent to the surgical 



Fig. 2. — The wound eleven days after the operation. There had been no recur- 
rence or spread of the infection. The granulations are active. Zinc peroxide may 
be seen adherent to the skin and the surface of the wound. 

pathologic laboratory for examination was subsequently reported to be “loaded 
with amebas.” 

Treatment . — In the meantime the patient’s general condition improved suffi- 
ciently to make us feel that it would be safe to employ surgical intervention. We 
felt that it was important to remove the whole mass of infected tissue as soon as 
possible. On the fourth day after admission, therefore, the patient was operated 
on and a complete excision of the lesion was accomplished. This required remov- 
ing the skin of the anus, which had become completely undermined. No deep 
sinus tracts or fistulas were seen along the rectum. The raw surface was dressed 
with zinc peroxide, and in twenty-four hours the foul odor had entirely disap- 
peared. On the third day after operation the pathologic report of the biopsy was 
returned and then for the first time the stools were examined for amebas. Actively 
motile amebas containing red blood cells, typical of E. histolytica, were found. 

On the basis of these observations the patient was given a course of anti- 
amebic treatment consisting of the daily administration of chiniofon by mouth 
and emetine hydrochloride by hypodermic injection over a period of two weeks. 
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The stools were examined on the third day after the treatment had begun and no 
amebas could be found. Repeated examinations thereafter pave negative results. 
The diabetes came under control rapidly, and the wound soon showed active C muti- 
lations. Figure 2 shows the condition of the wound eleven days after oj>eratiou. 
On the twenty-first day half the area was covered with skin grafts of the Revcrdin 
type taken from the thigh; the rest of the wound was covered on two successive 
occasions: four and eleven days after the first graft. Figure 3 shows the wound 
nine days after the first, and five days after the second, grafting. The whole area 
rapidly contracted and became epitheliated, and the patient was aide to leave the 
hospital fifty -three days after the primary operation. Ten days later the wound 
was fully epitheliated except for one or two small areas between grafts in the 
groin and intergluteal creases (fig. 4). 

Bactcriologic Examination.— At the time of the operation, cultures were made 
of bits of subcutaneous tissue just outside the area of gangrene at the lower 
margin of the lesion on the thigh. Neither aerobic nor anaerobic cultures yielded 
any growth after prolonged incubation. Cultures of the slough beneath the gnn- 



Fig. 3.— The wound nine days after the first skin graft and five days after 
the second graft. The first grafts have already coalesced, and the recent ones 
are separate. 


grenous skin were overgrown with the spreader Bacillus proteus. When this 
mixed culture was heated for fifteen minutes at CO C„ B. proteus was killed and 
green aerobic streptococci survived, but no anaerobic or micro-aerophilic bacteria 
could be found. B. proteus was probably a casual contaminant and probably 
masked the presence of other bacteria both aerobic and anaerobic which suc- 
cumbed to the same degree of heat. 


Pathologic Study.— The tissues were studied by Dr. A. Purdy Stout and Dr 
\ Kneeland Franta of the surgical pathology department and by Mrs. Hulse and 
Dr. F. \V. O Conner of the department of tropical medicine of the hospital and 
all agreed that the amebas were evidently playing a part in the destructive process 
A thorough study of the stained sections was made and , SS ' 

prepared by one of us (H. E. M.) (figs. 5 and 6) ph ° t0m ' cro ^Phs ™ere 

~ feature of *e 5 roc„ s tea, a 
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between practically normal tissue and tissue undergoing disintegration. Along 
tins line of demarcation amebas were seen ; in some places there were very few 
and in others they were crowded together in large groups or in a single line 
(fig. 5). Some had advanced into the relatively normal tissue and others were 
scattered in the disintegrated tissue. The relatively normal tissue was somewhat 
edematous and contained mononuclear wandering cells and polymorphonuclear 
leukocytes in varying numbers, but never in the large numbers which are ordinarily 
seen in a pyogenic bacterial infection. The amebas were never very far advanced 
in this tissue but lay between fat cells or in tissue spaces near the line of demarca- 
tion. The disintegration consisted of fragmentation of intercellular fibers and 



Fig. 4. — The lesion two months after the operation. The wound is completely 
healed except for one or two spots in the creases of the groin and buttocks. The 
anal mucous membrane protrudes slightly. 

degeneration and nuclear fragmentation of the fixed cells and the mononuclear 
and polymorphonuclear cells which were present. These cells were more numerous 
in the disintegrated tissue than in the surrounding relatively normal tissue. B oo< 
and lymph vessels resisted the disintegration more than the rest of the tissue. 
Occasionally a thrombus was found on the wall of a blood vessel adjacent to 
the amebic invasion (fig. 6). Amebas were also found in the lumens of some 
of the small veins and lymph vessels. Farther away from the line of demarcation 
disintegration was more complete, and blood vessels were destroyed, and at t ic 
surface of the ulcer only degenerated cellular elements and amorphous materia 
were seen. Amebas were present in decreasing numbers as the tissue iccainc 
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Fig. 5. — Photomicrograph showing amebas at the advancing margin of the 
ulcer. Note the sharp line of demarcation between the edematous normal tissue 
infiltrated with wandering cells (below) and the disintegrated tissue (above). 
Hematoxylin and eosin stain; X 230. 


Gram stains for bacteria showed gram-positive cocci often in large colonies 
at the surface of the ulcer and in smaller colonies in the deeper disintegrated 
tissue, but never as deep as the amebas had advanced and never in the relatively 
normal tissue beyond the amebas. These cocci were small, were arranged in pairs 
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and short chains and had the appearance of streptococci \T n 
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already necrotic tissue. 6 ^ invaders growing into the 
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Fig. 6. Photomicrograph showing a mural thrombus ( T) in the lumen of a 
small vein in the subcutaneous tissue near the point of invasion of the amebas (A) 
into the outer layer of the wall of the vessel. Hematoxylin and eosin stain ; X 500. 


COMMENT 


This case was of interest because of the severity of the infection 
and the extent of destruction of the skin. Probably the underlying 
diabetes increased the severity of the symptoms and had something to 
do with the acuteness of the process. In one of the patients whose 
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case was reported by M. 1' . Engman Jr. and one of us fff. !-• M-) 
diabetes was present, and the atnebas had invaded even the striated 
muscle cells of the abdominal wall. In other cases previously reported 
the onset was more gradual and the course slower. 

The condition in this case is sharply differentiated both clinically and 
bacteriological!}' from the other forms of chronic infectious gangrene. 
The differentiation is particularly important between this type and pro- 
gressive postoperative synergistic gangrene.' " In that disease the dead 
skin and subcutaneous slough are adherent all around the margin of 
the lesion. There is no undermining of the edges of the skin. 1 he 
outer margin of the gangrene is crenated. The skin outside the gan- 
grene is raised from the surface and is purplish, and this zone is sur- 
rounded by a brilliant red zone from 1 to 3 cm. wide which gradually 
fades off into normal skin. The lesion is excruciatingly tender. In 
the case reported here there was relatively little gangrene of the skin 
and the line of demarcation was relatively smooth and sharply outlined, 
the margin of skin outside the gangrene was not raised, there was no 
red zone, and the wound was not extremely tender. The margin of the 
skin elsewhere was extensively undermined and the granulating base 
of the ulcer was rough and shaggy with necrotic tissue adherent to it. 

Although in the present case the clinical appearance of the lesion 
was quite different from that which wc have seen in cases of postopera- 
tive synergistic gangrene, other cases of amebic ulceration of the skin 
may not be so distinctive in their clinical appearance. For example, in 
the two cases reported by M. F. Engman Jr. and one of us O J. E. 31.) 10 
an advancing red zone about the ulcers was described, and in one patient 
the margin of the ulcer was raised and acute tenderness was noted. In 
some cases of bacterial gangrene amebas may be present as contaminat- 
ing organisms without taking part in the gangrenous process. In other 
cases both factors may operate and change the characteristic clinical 
picture accordingly. 

The bacteriologic study confirmed this differentiation, for in the 
synergistic type of gangrene the essential organism, a micro-aerophilic 
nonhemolytic streptococcus, may always be found in pure culture of 
material from the area just outside the margin of the gangrene and is 
associated with Staphylococcus aureus in the gangrene. While B. pro- 
teus may he a secondary contaminant of any wound from fecal soiling 
it may he destroyed by heating to 60 C. for fifteen minutes, while the 
streptococcus survives. In this case not only were we unable to cultivate 
this strepto coccus from material in the zone outside the gangrene hut 


18. Meleney, F. L.: Bacterial Synergism in Disease Processes r c 
tion of the. Synergistic Bacterial Etiology of a Certain Type of Progressive Ga-~ 
grene of the Abdominal Wall, Ann. Surg. 94:961, 193] • footnote 1~ ° 



990 


ARCHIVES OF SURGERY 


we failed to find it in the gangrenous area itself. The pathologic study 
likewise confirmed this, for the amebas were found in the advanced 
zone of infection while the bacteria were in the rear. We cannot be 
sure, however, that the amebas were not aided by the presence of the 
bacteria, for we know that cultivation of amebas in vitro without bac- 
teria is at present impossible. 

SUMMARY 

A case of gangrene of the buttocks, perineum and scrotum has been 
studied from clinical, bacteriologic and pathologic standpoints, and the 
conclusion has been reached that it was due primarily to the lytic 
action of E. histolytica. 

As far as we know, this is the first case that has been studied care- 
fully with anaerobic bacteriologic technic, thus ruling out the presence 
of the micro-aerophilic nonhemolytic streptococcus which is the essential 
organism in the progressive postoperative synergistic gangrene with 
which this disease might be confused. The differential features of these 
two diseases have been outlined. 

The patient made a rapid recovery following the complete excision 
of the lesion, the administration of a course of chiniofon and emetine 
hydrochloride, the local application of zinc peroxide and the application 
of skin grafts. 



LUMBAR VERTEBRAL EPIPHYSITIS 

SAMUEL KLEIN BERG, M.D. 

NEW YORK 

For a number of years physicians have recognized the existence 
in adolescent youths of a disturbance in the epiphyseal rings of the 
vertebral bodies due to nutritional inadequacy and rapid growth. The 
condition has been designated, for convenience, vertebral epiphysitis: 
its clinical appearance and the roentgenograph ic evidence of pathologic 
changes are similar to the syndrome occurring in other epiphyses, 
notably in the head of the femur, the tibial tubercle, the tarsal scaphoid 
and other similar structures. Vertebral epiphysitis, described by 
Scheuerman, Buchman and others, has a clinical syndrome which is 
readily recognized. In brief, the patient, a boy or girl in the early 
teens, usually without any apparent cause or at times after a seemingly 
minor trauma, experiences pain in the middorsal area of the back and 
tires easily. Objectively he presents an abnormal degree of rounding 
of the back and tenderness to pressure over the dorsal portion of the 
spine. The roentgenograms show an involvement of from six to eight 
vertebrae in the middorsal section. There are haziness and reduction 
in the size of the intervertebral spaces. There is a loss of definition of 
the outlines of the vertebral bodies. The superior and inferior surfaces 
are wavy. Frequently there is marked wedging of the vertebrae. This 
condition continues for some time, but it is self-limited in that toward 
the end of puberty or within several years of the onset the process 
terminates, the pain, tenderness and fatigue disappearing more or less 
completely. But this pathologic condition may, when it gives rise to 
vertebral wedging, set up a rigid posterior curvature of the spine which 
may he difficult or even impossible to correct. Buchman expressed the 
belief that dorsal vertebral epiphysitis may even initiate and he 
responsible for structural scoliosis. 

An interesting and as yet not satisfactorily explained peculiarity 
of vertebral epiphysitis, of which one sees many instances nowadays, is 
that it occurs mainly in the dorsal region. My colleague, Dr. Buchman, 
has seen several cases of epiphysitis of the lumbar vertebrae. The 
case herein reported is the first one to come under my personal obser- 
vation and is interesting for several reasons which will he apparent in 
the clinical detail. 
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REPORT OF A CASE 

R. B., aged 12 years, came under my care in November 1011 , • r 

plaints were pain in and stiffness of the lower portLn of t C ° m ' 

thighs, fatigue and inability to engage i„ vigorous physical exercise’ Thm 
no history of trauma. The examination showed that the lad had h *" WHS 
r»pidb. , as apparently in 6 „ d general cond “' n "“ T “ £L« w S°Zr 
’ patieni presenlcrl a moderate degree ol dorsolumtar posterior curvature anti 
Slight deviation of the lumbar portion of the spine to the right side. There was 



Fig. 1. — Roentgenogram taken in the lateral position, showing the lumbar por- 
tion of the spine (November 1931). All the lumbar vertebrae are affected, but 
the first, second and third show the greatest change. There are rarefaction and 
some apparent loss of bony substance in the anterior portions of the bodies. The 
fourth lumbar vertebra has a wavy, somewhat indefinite outline. The interverte- 
bral spaces are not altered. 


fairly marked tenderness to pressure over the lumbar portion of the spine and 
marked limitation of all lumbar movements. Roentgenograms taken in the antero- 
posterior position showed a mild lumbar scoliosis to the right side. Those taken 
in the lateral position showed marked changes in all the lumbar vertebrae but 
the last. These changes consisted of areas of apparent erosion and absorption 
(fig. 1). The erosion or irregular rarefaction affected the superior anterior por- 
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tions of the first and second lumbar vertebrae but was especially marked in the 
third lumbar vertebra. The fourth and fifth vertebrae seemed to have unduly bun; 
anteroposterior diameters and appeared somewhat compressed from above down- 
ward. The dorsal vertebrae appeared normal. 

A diagnosis of advanced lumbar vertebral epiphysitis with secondary scolio-N 
was made, and a plaster of paris jacket was applied. The boy was allowed to go 



Fig. 2. Roentgenogram taken in the anteroposterior position (March 1934) 
There is a mild scoliosis to the right side in the lumbar portion of the spine 
with a slight compensatory curve to the left in the dorsal portion. Note the 
wedging of the second and third lumbar vertebrae. 


a " 4 *" S,r '"°“ s Bhrsicl activity were inter- 
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tenderness had disappeared. * The^sferio^currat 4 ^ ba f ache and s P inaI 
roentgenograms showed favorable nro«nv.« • ture s . eemed corrected. The 
were smaller, and there was definite cllcificatin “T” the vertebral boc,ies 
areas. A Taylor spina, ^ ^ 

months later, in June 1932, when he showed s'igns 



Fig. 3.— Roentgenogram taken in the lateral position (March 1934). The con- 
formation of the vertebral bodies is nearly normal. The area of bone absorption 
has almost completely disappeared. The crater in the third lumbar vertebra has 
filled in. The outlines of the vertebrae are more clear. These evidences indicate 
recession of the pathologic condition and healing. 


ically and roentgenographicallv. Examinations of the blood for the phosphorus, 
calcium and phosphatase contents gave normal results. He returned thirteen months 
later, in July 1933, stating that he felt well, had been quite active and had engaged 
freely in sports without becoming fatigued. The roentgenograms showed seem- 
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inch- progressive improvement in the conformation ami structure of the himhur 
vertebrae. But clinically there had been retrogression; the hoy’s po-inrc 
again poor, and there was recurrence of the posterior curvature and Hmdcrm>* 
of the lumbar portion of the spine. The possibility of the deformity s lnm aMiig 
was explained to him, and caution was advised. He was provided with a nev. 
spinal brace to be worn during the day and with a convex frame on which he wav 
to sleep. 

I saw this boy again in March 1934, eight months after the previous vhit. 
During the interval he had grown unusually tall. His mother thought that he 
had grown about 5 inches (13 cm.). He certainly had completely outgrown the 
brace. He complained of pain, stiffness and weakness in the hack. 'I he examina- 
tion showed that he had not only a posterior curvature of the spine hut a definite 
lateral curvature to the right side, that is. a lumbar kyphoscoliosis to the right side. 
Flexion of the spine was almost completely restricted. Hypcrcxtemimi and lateral 
inclination were only slightly limited. 

In the roentgenogram taken in the anteroposterior position at that time (fig. 2) 
the second and third lumbar vertebrae appeared wedge-shaped. There was a 
mild curve to the right side in the lumbar portion, and a compensatory curve to 
the left in the dorsal portion of the spine. A roentgenogram taken in the lateral 
position (fig. 3) showed an improvement in the epiphyseal changes. There was 
almost complete restoration of the normal conformation of the vertebrae, with 
decided diminution of the rarefaction and increased ossification. The first lumbar 
vertebra showed only a slight defect in the upper anterior corner. There was 

decided increase in the density of the hone in the upper and lower surfaces of 

the second lumbar vertebra; the crater-like formation in the third lumbar vertebra 
had disappeared and was replaced hv a moderate amount of rarefaction in the 

upper surface of the body of that vertebra. The outline of the third lumbar ver- 

tebral body was practically normal. The fourth lumbar vertebra showed some 
waviness and rarefaction of its upper surface. Tile intervertebral spaces were 
clear and free from any bony projections. This roentgenogram when compared 
W'ith the first one made two and a half years before showed a marked change for 
the better in the structure of the lumbar vertebrae, although clinically the bov 
was far from well. A plaster of paris jacket was immediately applied to correct 
the kyphoscoliosis and provide rest for the back. I had learned by then that this 
boy’s activity could he controlled or restricted only by a mechanical hindrance 
such as a plaster jacket. His promise to rest could not be relied on. In July 
1934 the patient had no pain and no spinal tenderness. He still had stiffness of 
the back. He was wearing a spinal brace and taking regulated gymnastic exer- 
cises to improve the muscle tone and to increase the mobility of the spine. 


DIFFERENTIAL DIAGNOSIS 


In arriving at a diagnosis of this patient’s lesion there were, from a 
practical standpoint, only two conditions to consider, namely, Pott’s 
disease and osteochondritis. If the condition had been tuberculosis of 
the spine the history would have indicated and the examination would 
have revealed greater disability. Moreover, the roentgenograms would 
have shown irregular destruction and absorption of bone, disappearance 
of the intervertebral cartilage, formation of an angular deformity or 
gibbus and possibly one or more cold abscesses and evidences of ores 
sure on the spinal cord. In tuberculosis when several vertebrae are 
involved m an extensive destructive process the central vertebra dis 
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appears partially or totally and the adjacent vertebrae above and below 
it become approximated. The absence of all these findings permitted an 
unqualified exclusion of the diagnosis of tuberculosis of the lumbar 
portion of the spine. 

In osteochondritis of a vertebrae, as the literature indicates, there 
is usually involvement of only one vertebra which is widened in its 
transverse and reduced in its vertical diameter. The superior and 
inferior epiphyseal plates are practically unchanged. In epiphysitis and 
in the case here reported the essential pathologic change is in the 
epiphyseal plates and not in the substance of the body. Consequently 
it was reasonable to eliminate the diagnosis of osteochondritis. 


COMMENT 

In retrospect it appears that a more favorable result would have been 
obtained if, when the diagnosis of vertebral epiphysitis was established, 
I had insisted on rigid and continuous support of the spine by a brace 
during the day, avoidance of all strenuous physical activity and com- 
petitive games and the use of a convex frame at night. By such 
measures the process of epiphyseal dysfunction may have been aborted, 
ossification hastened and the scoliosis possibly prevented. The more 
cases of epiphyseal growth disturbances I study and the more patients 
I treat, the more I am convinced that rest to the affected part is the 
most effective therapeutic agent. In parts of the body other than the 
spine, I have been able to combat epiphysitis by enforced rest and have 
succeeded in obtaining rapid and complete cures. In epiphyseal dis- 
turbances of the spine occurring during the period of growth, abstinence 
from weight bearing, as nearly complete as possible, is the essential 
requirement in the therapeutic program. 


SUMMARY 

A case of lumbar vertebral epiphysitis in an adolescent boy is 
reported. 

The changes observed roentgenographically are similar to those seen 
in dorsal vertebral epiphysitis and are fairly characteristic of this 
condition. 

The patient has been observed for nearly three years. During this 
time the pathologic changes in the bones have retrogressed, but a mild 
lumbar kyphoscoliosis has appeared. 

The subjective symptoms of pain in and weakness of the back am 
fatigue were easily controlled by mechanical supports. 

The changes in the vertebral epiphyses are undoubtedly due to 
nutritional inadequacy arising from inordinately rapid growth. 

This case is of special interest because vertebral epiphysitis rare \ 
affects the lumbar vertebrae. 



SURGICAL TREATMENT OF EPENDYMAL GLIOMA 
OF THE SPINAL CORD 


LEO J. ADELSTEIX, M.D. 

AND 

GEORGE H. PATTERSON, M.D. 

LOS ANGELES 

Tumors of the central nervous system having their origin from 
ependymal cells have long been looked on as a rarity. I he reports of 
workers in the various clinics, particularly of those interested in tumors 
of the brain, reveal but a relatively small number of ependymal gliomas 
found in the encephalon. In 1926 Bailey and Cushing 1 reported 7 
ependymomas among 254 classified gliomas. Jn a later study Bailey - 
found 16 ependymal tumors during an analysis of 566 gliomas. Fincher 
and Coon 3 in 1929 reviewed 8 cases found among 140 cases of glioma 
at the Sachs clinic. The ependymomas, therefore, would seem to com- 
prise but a small percentage of the glioma family as found in the brain. 

The careful investigations of Kernohan, IVoltman and Adson 1 have 
revealed a different situation with regard to the number of ependymal 
tumors found as intramedullary tumors of the spinal cord. In an 
analysis of 51 verified intramedullary tumors of the spinal cord these 
authors found 21 ependymomas, or an incidence of 42 per cent, which 
would seem to place this group among the common parenchymatous 
tumors of the spinal cord. 

. LITERATURE 

Two communications by Bailey 5 which appeared in 1924 and 1925 
furnish a complete summary of the pathologic picture presented by 


Read before the section on Neuropsychiatry at the Sixty-Third Annual Session 
of the California Medical Association, May 2, 1934. 

From the Neurosurgical Service of Dr. Carl W. Rand and Dr. George H. 
Patterson, Los Angeles County General Hospital, and the Department of Neuro- 
logical Surgery, University of Southern California, School of Medicine. 

1. Bailey, Percival, and Cushing, Harvey: A Classification of the Tumors 
of the Glioma Group, Philadelphia, J. B. Lippincott Company, 1926, p. 175. 

2. Bailey, P. : Further Remarks Concerning Tumors of the Glioma Group 
Bull. Johns Hopkins Hosp. 40:354 (June) 1927. 

3. Fincher, E. F„ and Coon, G. P.: Ependymomas: A Clinical and Patho- 
logic Study of Eight Cases, Arch. Neurol. & Psychiat. 22:19 (July) 1929 

4. Kernohan, J. W.; Woltman, H. W, and Adson, A. W.: 'intramedullary 
Tumors of the Spinal Cord, Arch. Neurol. & Psychiat. 25:679 (April) 1931 

5. Bailey, P. : A Study of Tumors Arising from Ependymal Cells Arch. 
Neurol. & Psychiat. 11:1 (Jan.) 1924; Quelques nouvelles observations des tumeurs 
ependymaires, Ann. d’anat. path. 2:481 (Nov.) 1925. 
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gliomas of ependymal origin. On further review one finds numerous 
references with excellent descriptions of these tumors. The classic 
description by Saxer c appeared in 1902 and was followed shortly by 
Mallory’s 7 important paper describing 3 ependymal gliomas. The 
importance of the latter contribution lies in the fact that Mallory 
actually demonstrated the origin from ependymal cells of the tumors in 
his 3 cases. Spilier 8 reported 2 extremely interesting cases in 1903 and 
1907, in 1 of which he regarded the growth as a spinal metastasis from 
a typical growth in the fourth ventricle. Penfield’s 0 resume of the 
ependymal tumors is clear and concise and furnishes common ground 
for the descriptions given by Roussy, Lhermitte and Cornil, 10 and 
Roussy and Oberling 11 in their monographs on a group of gliomas 
under the term ependymoglioma. Orlandi 12 in 1925 and Silberberg 13 
in 1926 described single cases, and at about the same time appeared the 
paper of Hirsch and Elliot 14 with a report of 2 additional cases, in each 
of which the tumor arose in the lateral and fourth ventricles. 

The ependymomas are situated most frequently in the posterior fossa 
near the midcerebellar region, probably arising from the roof of the 
fourth ventricle and many times growing down through the foramen 
magnum. In one of Spider’s Sa cases the tumor grew down from the 
fourth ventricle to the level of the sixth cervical vertebra. In 5 of the 
Fincher-Coon 3 series of 8 cases the tumor was located in the cerebrum 
close to the lateral ventricles and, as the authors indicated, there was no 
predilection for any particular portion of the lining of the lateral ven- 
tricles as a site of origin. 

6. Saxer, F. : Ependymepithel, Glioma und epithiale Geschwiilste des Cen- 
tralnervensystems, Beitr. z. path, Anat. u. z. all g. Path. 32:276, 1902. 

7. Mallory, F. B.: Three Gliomata of Ependymal Origin: Two in the 
Fourth Ventricle, One Subcutaneous Over the Coccyx, J. M. Research 8:1 (June) 

1902. 

S. (a) Spilier, W. G., and Hendrickson, W. F. : A Report of Two Cases 
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The frequency with which these tumors arise primarily in the spinal 
cord has never been stressed, nor has their surgical accessibility been 
generally recognized. Bickcl . 15 Jumentie , 1 ' 1 Holmes and Kennedy u and 
Dejerine and Jumentie have reported cases of ependymal tumor aris- 
ing in the spinal cord. Cases of tumor with a similar oiigin described 
under the term neuro-epithelioma have been cited by Rosenthal . 1 ' 1 Kling.-" 
Schlapp 21 and others, which would indicate that the spinal cord is not an 
uncommon locus of origin. Perhaps the most interesting individual 
report of a case is the one by Cushing .-' 2 whose graphic description bears 
quotation since it clearly visualizes the technical problems involved in the 
removal of such a tumor. 

The patient, an 8 year old girl, was referred to the clinic of the Peter Bent 
Brigham Hospital on Sept. 8, 1926, with a diagnosis of possible syringomyelia. 
The history was essentially as follows: 

“In October 1924, she complained of a stiff neck and had a temporary ‘torti- 
collis.’ After eight weeks of treatment by a local physician at her home she 
gradually recovered, and remained well until September 1925, when she had a 
recurrence of the ‘torticollis’ with pain in the neck. She nevertheless was able 
to attend school at irregular intervals during the ensuing school year. In July 
1926, after several chiropractic treatments there was an increase in symptoms with 
a distinct change in the condition — more severe pain and muscular weakness of 
the arms. Doubtless under the suspicion that she had cervical Pott's disease, a 
local surgeon had her wear a Thomas collar. 

“The most striking thing, objectively, on admission was the curious fixed and 
rigid position in which she held her head. Any attempt to change this position 
caused pain. There was an exaggeration of the deep reflexes, muscular weakness 
of both upper extremities with considerable atrophy, particularly marked in the 
intrinsic muscles of the hands. There was thought to he some dissociation of 
sensation, but the sensory symptoms were exceedingly slight and variable. The 
differential diagnosis lay between cervical Pott’s disease (though there were no 
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bony lesions shown by the roentgen ray), syringomyelia and tumor of the cord. 
Each of these diagnoses had its firm supporters. . . . 

“. . . I went ahead with a cervical laminectomy, which, before the end, was 
extended so as to include all of the cervical and the two upper thoracic vertebrae. 

“An extraordinary condition was found. The canal . . . was greatly dis- 
tended, so that the flattened laminae were removed easily, giving an unusually 
wide exposure. When the dura was opened and reflected, no fluid was secured, 
and a bulging cord presented. One could see through the thinned nervous tissue 
that there was a central tumor. A longitudinal incision, the length of the entire 
wound, through the greatly thinned posterior columns, disclosed a central soft 
reddish tumor mass which began spontaneously to extrude itself. With a ‘sucker,’ 
it was cleanly removed, leaving a widely dilated, thinned out gutter of nervous 
tissue. 

“I can only liken the procedure to the splitting of an over-ripe banana with 
the removal by suction of its central fruit, leaving the collapsed skin behind. The 
upper pole of the tumor was at the level of the foramen magnum, and not until 
this portion of the growth was removed did cerebrospinal fluid begin to find its 
way down into the gutter. The lower pole of the tumor extended below the second 
thoracic level, and it was thought wise to postpone further measures for a second 
session. 

“The tumor, which presumably extends much further down the cord, proves 
to be an ependymoma and has therefore arisen from the central canal. Now that 
she has made such an excellent recovery we propose to laminectomize the remain- 
der of the spine and to clean out what remains of the lesion in the lower levels, 
for it fortunately is a relatively benign tj r pe of glioma and is not infiltrative in 
character. 

“Subsequent Note, — The second laminectomy exposing the remainder of the 
cord from the second thoracic to the second lumbar vertebrae inclusive was carried 
out on November 2. When the cord was exposed I found to my surprise that 
the tumor ended at about the second thoracic level with nothing below but a marked 
hydromyelia. The patient was discharged on November 27, walking, with free 
cervical movements, return of function in her hands, and little to show for her 
former trouble except overactive reflexes.” 

A rather unusual type of surgical removal for this kind of tumor 
was used in this case, since the majority of these neoplasms are quite 
firm and encapsulated and may be separated from the spinal cord only 
by gentle blunt dissection. The association with hydromyelic or syringo- 
myelic cavities is almost a constant finding in cases of tumor of this 
type, and according to Dowman and Smith 23 such cysts suggest the 
presence of an intramedullary tumor. 

PATHOLOGY 

The ependymal gliomas have passed through many phases in the 
gradual evolution of a rather confusing nomenclature. Formerly the 

23. Dowman, C. E., and Smith, W. A.: Intramedullary Cyst of the Spinal 
Cord Associated with a Circumscribed Intramedullary Tumor, Arch. Neuro . 
Psychiat. 21:582 (March) 1929. 
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terms neuro-epithelioma, cpentlymohlasloma ami upend vmogliomu were 
given to one and the same type of tumor. The subdivisions of the 
family group into ependymohlastoma and ependymoma ha\e been k cog- 
nized as being mainly transitional forms, and the characteristics of the 
two groups differ little. At present an ependymoma is considered in 
simple terms to be that type of glioma which enters into the formation 
of ependymal epithelium, and its general family name has been simpli- 
fied by the use of the term ependymal glioma or ependymoma. This 
tumor seems by structure to he derived from the ependymal lining of 
the cerebral ventricles and spinal canal. The tumor is usually rather 
firm, encapsulated and sometimes nodular and shows tendencies to 
undergo calcification and the formation of cysts. In the spinal cord the 



Fig. 1.— A section of an ependymal glioma (ependymoblastoma), showing the 
formation of pseudorosettes about small blood vessels. Hematoxylin and cosin 
stain; X 95. 

origin, as indicated, is from the ependymal lining of the central canal, the 
tumor being very slow growing and gradually producing the signs and 
symptoms of an intramedullary neoplasm. 

Microscopically these tumors are very cellular. They are character- 
ized by an array of cells about blood vessels to form" pseudorosettes. 
Between the nuclei of the cells and the walls of the central blood vessel 
is a clear zone occupied by the tail-like processes. There is but little 
free fat, but the connective tissue about numerous well formed blood 
vessels gives the appearance of a stroma. Calcification is occasionally 
found m the central portions of the tumor. Mitotic figures are usually 
not seen. Mallory 7 stressed as a peculiar and characteristic feature 
of ependymal cells the cytoplasmic granules or rods previously described 
by Weigert. He discovered such structures in the neoplastic cells and 
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concluded that in new growths of ependymal origin such granules or 
markings (blepharoplasts) would be found. These cytoplasmic mark- 
ings ate, theiefoie, a useful diagnostic finding, as blepharoplasts are to 
be found only in ependymal cells and, according to Horrax and Bailey, 24 
in pineal cells. The specific methods of staining with metals, such as 
the Hortega silver carbonate (lithium) stain, 3 serve to bring out the 
fine detail necessary to establish the relationship of the various neo- 
plastic elements to embryonic forms as found in the histogenesis of nor- 
mal nerve tissue. The cytoplasm is particularly well demonstrated with 
Bailey's ethyl violet-orange G and with Mallory’s phosphotungstic acid 
and hematoxylin stain. However, these tumors may be identified as 
routine with the hematoxylin and eosin stain 25 which reveals clearly the 
characteristic tissue architecture and nuclear detail (fig. 1). 

SURGICAL ASPECTS 

The pioneer work of Kernohan and his associates 4 has added 
encouragement to study of the problem of the intramedullary gliomas 
of the spinal cord of ependymal origin. The realization that this type of 
glioma is relatively common, has benign tendencies, and in many cases 
is surgically accessible has led to a careful reconsideration of what 
has long been looked on as a practically hopeless situation. Foerster, 26 
Elsberg, 27 Frazier 28 and man}' others have reported good results from 
the removal of tumors of the spinal cord of intramedullary origin. The 
more recent efforts have been along conservative lines and with good 
reason. The spinal cord withstands manipulation poorly, and rough 
handling during the surgical procedure involved in the removal of a 
neoplasm, not only may leave the patient completely paralyzed after- 
ward but in the upper thoracic and cervical levels may cause early death 
by respiratory failure or by fatal hyperthermia. In 1911 Elsberg and 
Beer 29 originated the so-called “extrusion method” for the removal of 
intramedullary tumors. This method entails a two stage operation. At 
the first session the tumor is located by incising the posterior columns, 
and at the second operation as much of the tumor as has extruded 
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27. Elsberg, C. A.: Tumors of the Spinal Cord, New York, Paul B. Hoebcr, 
Inc., 1925. 

28. Frazier, C. H. : Surgery of the Spine and Spinal Cord, New York, D. 
Appleton & Company, 1918, p. 584. 

29. Elsberg, C. A., and Beer, E.: The Operability of Intramedullary Tumors 
of the Spinal Cord, Am. J. M. Sc. 142:636, 19 11. 
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itself is removed. By this method minimum injury to the cord 
itself is produced. This technic has found favor in many hands and is 
the method of choice for the removal of tumors which are soft, infil- 
trating and with little or no line of demarcation. Others, like Jonesco- 
Sisesti 30 who reviewed 19 cases of intramedullary tumor associated with 
svringomvelic cavities, believe that surgical measures for intramedullary 
tumors should he limited to decompressive laminectomy followed by 
roentgen therapy. In 1931 Cairns and Riddoch 31 reported the success- 
ful removal of ependymal glioma of the spinal cord in 2 patients, in 1 
of whom the tumor was located in the cervicothoracic region and in the 
other, in the thoracic portion, of the spinal cord. Both tumors were 
completely removed with good results. Their technic is one closely 
following that of Elsberg which appeared some years ago and which we 
feel will bear revival at this time. 

During the past two years. 2 patients with ependymal tumor of the 
spinal cord have been seen in this clinic. Both have come to operation, 
and it is felt that a report of their cases in full is warranted because 
the cases emphasize the pitfalls in diagnosis as well as the many details 
and scrupulous care necessary in the successful handling of patients 
with intramedullary tumors. In agreement with Cairns and Riddoch 
it must be recognized that the need for meticulous and painstaking after- 
care is of paramount importance in cases of this type. 


REPORT OF CASES 

Case 1. — Intramedullary ependymoma of cervicothoracic portion of spinal cord. 
Complete removal in one stage operation. Marked improvement. 

History. — M. I., a white man 25 years old, a millinery operator, referred In- 
Dr. David Rosenblum, Los Angeles, was first seen in January 1932, with a com- 
plaint of numbness and tingling in the right leg followed by progressive weakness 
of the limb. These symptoms were first noticed in November 1931. Three weeks 
after the onset the patient noticed that he dragged the right leg in walking and 
that the right hand and arm were also becoming weak. Tins was followed within 
a short time by a similar progression of symptoms in the left arm and hand. 
Examination in January 1932 revealed horizontal nystagmus, marked intention 
tremor and absence of abdominal reflexes, on the basis of which the tentative diag- 
nosis of multiple sclerosis was based. The patient then returned to his work as a 
millinery operator until May, by which time there had developed marked weakness 
with atrophy of the small muscles of both hands. However, he could still walk 
about, though with difficulty, and at no time was there am- bladder disturbance 
Constipation had been marked for some six months prior to his admission to the 
Los Angeles County General Hospital on June 29. 


30. Jonesco-Sisesti, N. : Tumeurs medullaires associees a un processus svrin™ 

mvelique, Paris, Masson & Cie, 1929. ' ’®° 

31. Cairns, H„ and Riddoch, G.: Observations on the Treatment n t tr 

dvmal Gliomas of the Spinal Cord, Brain 54:117, 1931 Eptn- 
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Examination .— The pupils were small, regular and approximately equal and 
reacted fairly well to light and in accommodation. There were many nystagmoid 
jerks on looking to the right. These were not considered to be definite nystagmus. 
The optic disks were well outlined. The nerve heads appeared rather paler than 
normal. The remainder of the cranial nerves were carefully examined and found 
to be within normal limits. 

There were marked weakness and atrophy with almost complete loss of grip 
in both hands ; the right arm and hand were much more involved than the left. 
The lower extremities were very weak— the right leg could scarcely be raised off 



Fig. 2 (case 1). — A diagram showing the cutaneous sensory disturbances in 
a patient with an intramedullary tumor at the sixth cervical segment. 

the bed; the left leg was a little stronger but also presented marked muscular 
weakness. The deep reflexes were generally increased with the exception of those 
in the upper extremities. The biceps and triceps reflexes were very weak, par 
ticularly on the right. The abdominal and cremasteric reflexes were absent. The 
knee jerks were markedly increased and there were bilateral ankle clonus am 
Babinski, Gordon and Oppenheim signs. 

There was a sensory level at the sixth cervical segment below which perception 
of light touch was practically absent (fig. 2). Position sense was completer ost 
in the right toes, foot, ankle and knee and was only fair in the left lower exfrenu > 
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In both the upper anil the lower limbs sensation of hot amt cold was difficult to dil- 
ferentiate. Vibration sense was completely absent as high as the fifth dorsal seg- 
ment. On only one occasion did the patient complain of severe pain shooting down 
both arms. This occurred on his trying to get into bed after taking a short walk. 
It was thought that the sensory picture was generally that of an atypical lirowii- 
Sequard syndrome with greater sensory symptoms on the right side than on the 
left. 

Roentgen examination of the cervical portion of the spine revealed no charac- 
teristic pathologic change, particularly no evidence of lxmy involvement. The 
cervical portion of the spine was not tender on palpation. Examination of the 
spinal fluid revealed a small amount of slightly xanthochromic fluid with an initial 
pressure of 190 mm. There was no rise in pressure following bilateral jugular 
compression. There were 24 lymphocytes per cubic millimeter, and the globulin 
content was markedly increased. 

Diagnosis . — At this time there was conclusive evidence of a probable neoplasm 
of the spinal cord, having its upper limit at approximately the sixth cervical seg- 
ment. The almost complete absence of irritation of the roots and the difficulty 
in recognizing hot and cold suggested a neoplasm of intramedullary origin. The 
preoperative suggestion, however, was endothelioma on the right side of the cord. 


Operation . — An incision was made from the sixth cervical to the first dorsal 
vertebra and wide laminectomy was performed. The dura was opened with a 
longitudinal incision, and a dry pulseless tumor was found at the level of the 
seventh cervical vertebra. The mass was reddish, soft and triable and apparently 
had an intramedullary point of origin. It became apparent at this point that a 
larger approach would he necessary, so the fifth cervical spinous process was removed 
and its corresponding laminae. With careful blunt dissection the superior surface 
of the tumor was gently dislocated from its surrounding bed oi cord substance 
(fig. 3). Multiple sutures placed through the tumor provided the necessary trac- 
tion to hold the neoplasm gently and enabled the surgeon to tilt the superior pole 
of the mass away from the cord. By gently continuing blunt dissection the entire 
mass, perhaps 5.5 cm. in length, was removed. The vascular pedicle was secured 
with silver clips and divided. The appearance of the spinal cord after removal 
of the tumor was that of a thin cuff of nerve tissue with a deep central gutter. 
The dura was left unclosed in order to provide sufficient decompression for any 
postoperative edema of the cord. The wound was then carefully closed in lavers 
with no. 2 chromic catgut for the muscles and fascia and black silk for the subcu- 
taneous and cutaneous layers. The condition of the patient at the end of the opera- 
tion was fair. Ether anesthesia was used throughout the session. 


Postoperative Course .— The immediate effects of surgical intervention were 
disconcerting, as quadriplegia with involvement of both sphincters appeared to have 
been produced and it was feared that the surgical trauma had probably completed 
the picture begun by the tumor. However, the patient began a slow but definite 
improvement. The postoperative course was further complicated by severe cystitis 
but this gradually subsided. The wound healed well, and the patient was discharged 
to his home on September 13. 

For the first day after the operation the pulse rate remained at an averag/of 
120, _ returning gradually to 90 within five days. The temperature r Z to 
101 ' 3 F " at whlch I l0 ' nt * fluctuated for about ten days. Motor and sensor^ pow^ 
were completely absent for almost two weeks. On the sixteenth day th/wCand 
fingers could he moved slightly, and on the same day the patient vfe spon- 
taneously. From this date improvement was progressive. Changes in sensation 



1006 


archives of surgery 


look place very slowly. Physical therapy was instituted early and the patient 
closely observed >n the neurologic outpatient department. By November IS h 
patient had gained 25 pounds (1 1.3 Kg.) and had full control' of both sphincters 
Tim gnp S were good, and he was attempting to walk with fair results. 0 „ Jan T ' 
1933, the patient was walking with the aid of crutches. On April 4 he was walk 
mg wit i the aid of a cane. No definite sensory level could be determined. Mus- 
cular strength was good, and the grips were excellent. The reflexes generally were 
iperactive, being greater on the right, with no pathologic reflexes. In June 1933 



Fig. 3 (case 1). — A drawing showing the condition found at operation, during 
which the tumor was removed at one session. 


scarcely a year after the operation, the patient was walking about without aid and 
apparently was in excellent condition. In September he was considering the pos- 
sibility of returning to his work as a millinery operator in a local factory. It is 
felt that the ultimate result in this case will be satisfactory and that the patient 
may become a self-supporting and able citizen. 

Pathologic Examination . — The tumor (fig. 4) measured 5.8 by 2.1 by 1.8 cm. 
in ifs greatest diameters. It appeared to be encapsulated, with a smooth outer 
surface, and tapered somewhat at its lower pole. It was rather firm in structure, 
although with a rather fluctuant feel in the upper portions. The cut section revealed 
soft e-el lo wish- white tissue which in some areas appeared to be degenerated and 
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hemorrhagic. The fluctuant feel of the tumor was due to a degenerated central 
portion of the mass. This hemorrhagic degenerated portion extended throughout 
the entire tumor, and the lower pole revealed clots indicating recent hemorrhage. 
The histologic (fig. 5) examination revealed a rather cellular tumor with the 
cells tending to be grouped about clear spaces and blood vessels. In the midportion 
of the tumor was a definite epithelial lining of what was probably a central cyst. 
The diagnosis was ependymal glioma, probably of ependymoblastic type. 

Comment. — This case is an example of one of the many diagnostic errors that 
may be made in attempting to identify the clinical picture of an intramedullary 
tumor of the spinal cord. For about six months this patient was thought possibly 
to have multiple sclerosis before it was recognized that a localized lesion of the 
cord was present. However, the result to date has been quite satisfactory, and 
at least our diagnostic wits have been sharpened by this experience. 

Case 2. — Intramedullary ependymoma of the thoracic portion of the spinal 
cord. Complete removal of tumor at a second operation. Death due to meningitis. 

History. — B. E., a nurse 24 years old, was first admitted to the outpatient 
department of the Los Angeles County General Hospital on Feb. 1, 1932, with a 
complaint of pain in the back and weakness of both lower extremities. In 1927 she 
fell from a horse and since then had suffered severe backache in the lumbar region. 
Pain, which had been constant during the preceding three years, was aggravated 
by motion and was frequently associated with a sense of constriction about the 
waist. Until March 1930 the patient had been able to swim, dance and otherwise 
use all the extremities freely. About this time she noticed that her right ankle 
began to weaken and twisted easily ; the right leg also gradually became weak and 
at times felt numb. During the nine months previous to admission to the hospital 
the left leg became similarly involved, and at the time of her first admission to the 
hospital both legs felt very numb and the patient was unable to locate the position 
of her feet without looking at them. Backache at this time was quite severe. The 
history otherwise was essentially irrelevant. 

Examination. — Examination revealed a bright woman complaining of severe 
lumbar pain. The pupils, optic disks and cranial nerves were normal. 1 here was 
weakness of both lower extremities with the legs about equally affected. On 
walking there was a slow, shuffling gait which did not seem to be particularly 
spastic. The biceps, triceps and radial reflexes were present and equal. The knee 
jerks were practically absent, and the achilles tendon jerks were present but very 
sluggish. There were no Babinski, Gordon and Oppenheim reflexes or ankle 
clonus. 

There was a sensory level (fig. 6) at the ninth dorsal segment, below which 
all forms of sensation were markedly disturbed. Touch, pain and vibratory sensa- 
tion were greatly diminished, and there was marked analgesia to pinprick. Sensa- 
tion in the upper extremities was normal. Palpation over the spinous processes 
from the ninth to the twelfth dorsal vertebra produced pain and discomfort. There 
were no trophic disturbances. 

Roentgen examination of the entire dorsolumbar portion of the spine revealed no 
material pathologic change. 

Lumbar puncture revealed y'ellow cerebrospinal fluid under 100 mm. of pres 
sure. There was no rise of pressure on jugular compression, revealing a comp etc 
subarachnoid block. Puncture of the cisterna magna revealed clear fluid mu er 
80 mm. of pressure. The fluid withdrawn from the lumbar canal contninc an 
increased amount of globulin and 10 lymphocytes. The urinalysis and blood picfure 
were normal. 
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Diagwsisr-TtoL the patient was suffering from a tumor of the spinal cord 
at about the level of the ninth dorsal segment was readily recognized, mid with 
the marked amount of disturbance in the pain and temperature senses an intra- 
medullary location was favored. 

Operation.— On March 10, with the patient under ether anesthesia, a laminectomy 
was performed, removing the laminae of the seventh to the eleventh dorsal verte- 
bra, inclusively. The dura appeared to be unusually tense, and on opening it the 
spinal cord immediately began to herniate ; at the level of the eighth dorsal vertebra 



Fig. 6 (case 2). — A diagram showing the cutaneous sensory disturbances in a 
patient with an intramedullary tumor at the level of the ninth thoracic segment. 


the cord appeared to be swollen and covered by enlarged tortuous vessels (fig. 1 A). 
A small hypodermic needle attached to a syringe was introduced into the cord 
in the midline in an attempt to aspirate fluid from a possible cystic cavity, but 
none was encountered. The cord generally appeared to be greatly widened and 
pulsated but feebly. It was thought best not to explore further and not to incise 
the cord. The dura was left open and the rest of the wound was closed carefully 
in layers. 

Postoperatively the patient had a rather stormy convalescence; however, the 
wound healed well and the patient was discharged to her home on May 19. Before 
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leaving the hospital she was given several high voltage roentgen exposures, and 
at the time of leaving for her home she was able to walk about with the aid of 
a cane. 

The patient did extremely well for almost a year and a half, during which 
time she used a cane for twelve months and then for almost six months was able 
to walk without support. She returned to the hospital on Oct. 10, 1933, with a 
complaint of severe pain in the back and legs. She stated that she had felt very 
well until one month previously. The neurologic findings at this time were prac- 
tical!}'' the same as on the first admission. The sensory level was now limited by 



Fig. 7 (case 2). — A is a drawing showing the markedly swollen condition of 
the spinal cord with greatly enlarged vessels at the time of the first operation, 
and B is a drawing of the extrusion of an intramedullary tumor after midline 
incision of the spinal cord. 

a zone of hyperesthesia from the sixth to the eighth dorsal segment, below which 
all iorms of sensation were markedly diminished. The tendon reflexes in the 
lower extremities were very sluggish, and there were no pathologic reflexes. 
Examination of the spinal fluid revealed a markedly yellow fluid, and there appeare 
to be a complete subarachnoid block. 

Pain in the legs and back became excruciating, and it was decided to reexp ore 
the area previously examined in an effort to locate an intramedullary tumor. ur 
experience in the first case had furnished sufficient courage to make us feel t int 
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incision of the cord might reveal a neoplasm amenable to surgical intervention. 
Accordingly, on October 26 an incision was made above the old operative scar 
beginning at the level of the fifth dorsal vertebra. The incision was carried down 
through the old operative wound in its entire length. At the level of the sixth 
dorsal vertebra the spinal cord appeared to he yellowish and swollen and felt 
cystic. A small incision was made in the midline of the spinal cord at the upper 
pole, and a small cyst was evacuated. At the lower end of this cyst at the level 
of the sixth dorsal vertebra a large grayish tumor presented itself. The overlying 
spinal cord was split in the midline to a depth of 1 mm., and the tumor gradually 
exposed. The neoplasm was gently elevated by means of silk traction sutures and 
was lifted from its bed from within the spinal cord (fig. 7/1). At the level of 
the tenth dorsal vertebra two large vessels were seen to be entering the tumor. 
These were caught with silver clips and divided. The laminae of the eleventh and 
twelfth dorsal vertebrae had to he removed before the tumor could he removed in 
its entirety. The wound was then carefully closed. 
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Fig. 8 (case 2). — An ependymal glioma from the thoracic portion of the spinal 
cord which extended from the sixth to the twelfth segment. It weighed 30 Gm. 
before fixation. 


Course . — Postoperativelv the patient had a very stormy course for several days 
and then appeared to be gradually improving. The lower extremities were mark- 
edly weak after the operation, with involvement of both sphincters. The sutures 
were removed on the tenth postoperative day. The temperature and pulse rate 
remained within normal limits throughout this period, but the patient complained 
continuously of severe pain in the back and vomited frequently. At this time 
the lower pole of the wound broke down and there developed a small cerebrospinal 
fluid fistula. Several attempts to repair the wound proved unsuccessful, and within 
a few days there developed the signs and symptoms of a meningeal infection with 
cervical rigidity and a high temperature. Supportive treatment proved to be of no 
benefit, and the patient died on December 11. 

Pathologic Examination .— The tumor (fig. 8) measured 12.5 cm. in length 
and 2 cm. in diameter and weighed 30 Gm. shortly after removal and before fixa- 
tion. It was somewhat cigar -shaped, being pointed at either end. It appeared 
to be encapsulated and presented numerous lobules of various size on its surface 
The tissue was soft, reddish-gray, friable and mottled with hemorrhagic areas 
(fig- 9). 
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Fig. 10 (case 2).— A section of an ependyma! glioma (ependymoblaston^^ 
showing the tendency to form pseudorosettes about the blood ' essc 
and eosin stain ; X 220. 
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Histologic Examination. — Examination revealed an ependymal glioma (fig. 1ft). 
The major portion of the tumor had a rather characteristic appearance with (lie 
cells tending to be arranged in pseudorosettes about a central blood vessel. How- 
ever, some of the numerous larger cavities were lined with a condensed form of 
tissue representing embryonic ependyma. T he tumor resembled that type of 
ependymal glioma known as an ependymoblastoma. 

Comment . — Although the result in case 2 might well he termed a 
surgical disaster there are a few features concerned with the differential 
diagnosis as well as with the surgical technic that warrant careful study. 

It is often extremely difficult to differentiate clearly between intra- 
medullary and extramedullary tumors of the spinal cord. The absence 
of irritation of the posterior roots, a dissociated waistcoat type of 
sensory disturbance and a marked difference in the levels of the various 
sensory disturbances suggest intramedullary new growth. The presence 
of pain is not a commonly known symptom of intramedullary tumors, 
and its presence in case 2 was rather disconcerting. It has been 
explained as being due to associated adhesions of the arachnoid 
(arachnitis) by Foerster 82 in several of his cases of intramedullary 
tumor, and it is possible that pain in the roots can he produced by a 
tumor arising near the posterior horns. The duration of symptoms 
before surgical relief is sought can no longer he held as a criterion of 
intramedullary neoplasms. ICernohan 1 had three patients with intra- 
medullary ependymomas, with histories of ten, thirteen and fourteen years’ 
standing, respectively. As Spiller 33 said: “It is somewhat remarkable 
to think that the intramedullary group of tumors may have a longer 
duration of symptoms than the extramedullary and extradural tumors, 
particularly when one considers the small diameter of the spinal cord 
and the slight injury which is required to lead to complete paralysis.’’ 
But with his usual sagacity Spiller suggested that “if the tissues studied 
were to be stained with the Bielschowsky silver stain, one might find 
that in many of these tumors axis cylinders passing directly through the 
tumor without being destroyed and therefore capable of functioning 
although under difficulty.” 

It is particularly important that scrupulous care be paid to effecting 
a tight closure of the wound so as to avoid a cerebrospinal fluid fistula, 
with a subsequent fatal infection. This complication is prone to develop 
in cases of this type when the dura is purposely left open and, as in 
case 2, may be the direct cause of a fatal issue. In one of the cases 
reported by Cairns and Riddoch 31 such a complication developed follow- 
ing operation but the patient finally recovered from the menineeal 
infection. h 


32 Foerster, O.: Die Leitungsbahnen des Schmerzgefuhls and die chirurgische 
Behandlung der Schmerzzustande, Berlin, Urban & Schwarzenber- 1927 
33. Spiller, \V. G., in discussion on Kernohan, Woltman and Adson 4 
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SUMMARY AND CONCLUSIONS 

The ependymal glioma has come to be recognized as the common 
parenchymatous tumor of the spinal cord. 

The surgical amenability of this type has not been sufficiently recog- 
-nized when a large swollen spinal cord is exposed at operation and an 
intramedullary tumor is thought to be present. 

This type of glioma tends to be encapsulated, offering a fair prog- 
nosis if successfully removed. 

Surgical intervention employed in the treatment of such an intra- 
medullary tumor includes, according to a consensus: (1) a wide 
laminectomy; (2) incision along the middorsal aspect of the cord with 
separation of the posterior columns; (3) removal of the tumor by care- 
ful blunt dissection with the aid of silk traction sutures; ( 4 ) leaving 
the dura open to provide sufficient decompression, and (5) careful 
tight closure of the wound. 

Roentgen therapy following operation does not seem to be indi- 
cated, since this type of tumor appears to be benign. 

Two cases of intramedullary spinal cord tumor of ependymal origin 
that have come to operation are described in detail. 



USE OF LOW TEMPERATURES IN CULTURE AND 
TRANSPORTATION OF SURGICAL MAGGOTS 


S. W. SIMMONS, B.Sc., M.A. 

WASHINGTON, 1). C. 

Efficient retardation of development in the culture of surgical mag- 
gots permits the technician to maintain a constant supply with minimum 
effort. It is also one of the chief means by which cost of production 
can be lowered. Retardation is essential during the period of incuba- 
tion in the tests of sterility, and it would be both economical and con- 
venient if development could he restrained beyond this period. As 
subjection to low temperature has been the chief means of retardation, 
an investigation was made to determine its effect on maggots in storage. 

A common practice of surgeons requiring a small or occasional sup- 
ply of maggots is to purchase them from certain medical supply houses, 
and frequently shipments have to be made over long distances. Nor- 
mally maggots develop rapidly, and if allowed to grow in transit they 
become too large for use in the wound. Their development has to be 
retarded in some way, therefore, during shipment. The usual method of 
preparing maggots for shipment is to pack the container next to ice in an 
insulated package. The package, however, is heavy and bulky and is 
expensive to prepare and mail. The greatest objection raised by sur- 
geons using maggots for treatment has been the expense, many of their 
patients being dependent on charity. With a view to the reduction of 
expense, therefore, an investigation was also made of the efficiency of 
retardation by low temperature in transit. 

Maggots used in this work were of the species Lucilia sericata ; they 
were reared under the usual aseptic technic . 1 


PROPORTION OF MAGGOTS THAT FEED AT VARIOUS 
TEMPERATURES 

Both in storage and in transit, restraint of growth is of primary 
importance. Tests were therefore conducted to determine the proportion 

From the Division of Insects Affecting Man and Animals. Bureau of Ento- 
mology and Plant Quarantine, United States Department of Agriculture. 

1. Robinson, W.: Improved Methods in the Culture of Sterile Mascots for 
Surgical Use, J. Lab. & Clin. Med. 20:77 (Oct.) 1934. Simmons S W Ster 
dization of Blowfly Eggs in the Culture of Surgical Maggots for Use in the Treat 
ment of Pyogenic Infections, Am. J. Surg. 25:140, 1934 
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of maggots that feed under various temperatures which might be chosen 
for the production of retardation. 

Maggots of surgical size (from 4 to 6 mm. long) were removed from their 
food and subjected to the temperatures shown in table 1. They were then placed 
on colored food of the same temperature and returned to the refrigerator. Thus 
no feeding occurred except under controlled conditions. After approximately 
twenty-four hours all living specimens were examined microscopically for the 
presence of food in the alimentary tract. 

The colored food was prepared by making a solution of normal beef blood 
serum and adding enough safranine to produce a deep red. After being mixed, 
the food was coagulated by heating and placed in the food bottles for autoclaving. 
Even slight feeding was detected in the intestinal tract, and tests proved that 
maggots fed readily on this food. 

Observations indicated that there was feeding as long as activity persisted. 
Little feeding occurred at 4 C. (39.2 F.) ; however, while at from 8 to 9 C. (46.4 

Table 1 . — Relation of Temperature to the Number of Maggots that Feed 


Temperature, Degrees Maggots That Fed 

, * Number of , ■* 


c. 

F. 

Maggots Used 

Number 

Per Cent 

4- G 

39.2 - 42 .8 

381 

17 

4.4 

S- 9 

40.4 - 48.2 

62 

33 

53.2 

10-11 

50 - 51.8 

2«S 

210 

SO.O 

20-21 

OS - 69 .S 

198 

195 

DS.5 

2T- 29 

80.G - 84.2 

109 

107 

9S.2 


to 48.2 F.) 53.2 per cent of the maggots fed (table 1). When the temperature 
was increased to 10 or 11 C. (50 or 51.8 F.), the proportion was increased to 
80.6 per cent. Almost all the maggots (98.5 per cent) fed when a temperature of 
20 C. (68 F.) was reached. The quantity of food consumed increased, of course, 
with the temperature. 

GROWTH OF MAGGOTS AT VARIOUS TEMPERATURES 

In tests already mentioned, 53.2 per cent of the 'maggots fed at a 
temperature of from 8 to 9 C. (46.4 to 48.2 F.). The amount of feed- 
ing, however, was negligible. The actual amount of growth, therefore, 
and not merely the indication of feeding, is the criterion to be used in 
establishing a temperature suitable for retardation. Tests were con- 
ducted to determine this temperature. 

Maggots were taken from their food (composed of dehydrated liver, agar, yeast 
and water) and washed with distilled water for one minute to remove particles of 
food. The surface water was removed by allowing the maggots to crawl over 
filter-paper for four minutes. They were then counted, weighed and placed in the 
refrigerator until chilled to storage temperature. After this they were placed on 
fresh food of the same temperature, returned to the refrigerator and allowed to 
feed for seventy-two hours. This period was chosen because it is that for which 
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the cultures used in the sterility tests are incubated before the maggots are released 
and because it represents about the average time required for maggots in transit. 
Growth during storage was determined by removing the specimens and washing 
and weighing them as before. Four tests with 100 maggots each were made for 
each range of temperature indicated in table 2. 

At a temperature of from 10 to 11 C. (50 to 51.8 F.) the increase in growth, 
namely, 23.4 per cent of the prestorage weight, can be tolerated without materially 
shortening the period of feeding of the maggots after implantation in wounds. A 
temperature of from 13 to 14 C. (55.4 to 57.2 F.) caused an increase of 90.7 per 
cent in weight. A higher temperature is, therefore, unsatisfactory, as maggots 
showing an increase in weight beyond 23.4 per cent would be excessively large- 
after storage and would have only a short period of feeding in the wound. 

On the basis of these tests, a maximum effective temperature was 
fixed at 12 C. (53.6 F.) as the highest temperature that can he tolerated 
in the retardation of maggots. 


Table 2. — Relation of Temperature to Growth of Surgical Maggots During 

Seventy-Two Hours 


Temperature, Degrees 

Mean Prestorage 
Weight p»r 
Specimen, 

Mg. 

Mean Poftstorage 
Weight per 
Specimen, 

Me. 

Mean Gain in 
Weight per 
Specimen During 
Storage, Mg. 

C. 

F. 

10-11 

50 - 31 £ 

4.7 

r,£ 

1.1 

13-14 

55.4 - 57.2 

4.3 

S/2 

3.9 

15-10 

50 - 60 .S 

4.1 

16.9 

12.S 

20-21 

es -oof 

C.5 

22.4 

15.9 


EFFECT OF RETARDATION BY LOW TEMPERATURE ON VIABILITY 

OF MAGGOTS 

The mortality of maggots during storage is of much importance. 
Although low temperature is used extensively as an agent to induce 
retardation it also causes a high mortality. If a high death rate during 
retardation could be avoided, maggots could he held in an arrested state 
for several days. This would considerably reduce the expense of pro- 
duction and, by permitting long distance shipments, would make sur- 
gical maggots more available to remote districts. Tests were conducted 
to determine whether the death rate is so great as to make the continued 
use of this method of retardation inadvisable. 


The maggots used in these tests were reared on the nutrient food already 
mentioned, under the usual aseptic precautions; when thev reached surgical size 
they were stored in the same kind of food at a temperature of from 5 to 6 C 
(41 to 42.8 F.) for periods ranging from one to six davs. 


The penod of mortality may be divided into two phases: (1) the time from 
the hatching of the eggs until the maggots are implanted in the wound and (2) the 
period after imp antat.on. Maggots that survive cold storage are not necessarily 
able to resume feeding when placed in the wound, and obviously thev would be 



1018 


ARCHIVES OF SURGERY 


of no clinical value if unable to feed. As a test of the tolerance of maggots to 
cold storage, it was therefore required that they should be able to feed and grow 
when placed on necrotic tissue. 

Cold storage of surgical maggots caused an extreme mortality 
(table 3). After two days’ storage, which is the usual period of retarda- 
tion during the sterility tests, the mortality was 66.6 per cent. The 
fact that two thirds of the maggots were lost during this period of 
storage is significant, and as the death rate increased rapidly each day, 
the futility of prolonged storage is evident. When maggots were 
retarded for six days the mortality was almost 100 per cent, while 
maggots reared under similar conditions but not subjected to cold had a 
mortality of only about 19 per cent. 


Table 3. — Mortality of Surgical Maggots Resulting from Cold Storage at 
from 5 to 6 C. (41 to 42. S F.) 


Time in 
Storage, 
Days 

Number of 
Experiments 
Conducted 

Number of 
Maggots 
Used 

Number That 
Survived 
Storage 

Number Able 
to Resume 
Feeding 

Percentage of 
Mortality* 

1 

7 

S,00G 

2,Co5 

1,104 

63.3 

2 

c 

2,7G4 

1,630 

922 

60.6 

3 

c 

2,823 

1,112 

604 

7S.6 

4 

c 

2,183 

781 

307 

81.8 

5 

4 

9S5 

391 

119 

87.9 

6 

2 

44S 

55 

7 

PS. 4 


* The number includes those that were dead when removed from storage and those not 
able to resume feeding. 


The enormous death rate of surgical maggots caused by cold storage 
often escapes detection, and the fact that about one half of those which do 
survive storage are unable to resume feeding is still more likely to be 
overlooked. Fortunate!}', another method of retardation is possible 2 
which eliminates the use of low temperature. This method considerably 
reduces the expense and labor involved in the culture of maggots and, by 
lowering the mortality of the maggots, increases their therapeutic value. 


RETARDATION OF MAGGOTS IN TRANSIT BY LOW TEMPERATURE 


When maggots are purchased shipment by mail is usually necessary 
and the essential retardation during transit has been attempted chiefly by 
packing in iced containers. 


Method.—' To test the efficiency of this method, determinations were made of the 
temperatures within the packages, and these temperatures were compared with the 
maximum effective temperature of 12 C. (53.6 F.). Two standard types of pack- 
ages were prepared for shipment in the usual way. One type was a cvlindric 


2. Simmons, S. W.: Adequacy of Nutritional Retardation in the Culture of 
Sterile Maggots for Surgical Use, this issue, p. 1024. 
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carton having metal ends and insulated with corrugated paper and cellulose. Some 
of these cartons were placed on end and others on their sides, as in transit. I he 
second type was a rectangular cardboard box filled with ground corl: for insula- 
tion. Ice was supplied in the usual way, by freezing water in tin cans of a capacity 
of 245 cc. Each bottle of maggots, with the usual smalt quantity of nutrient food, 
was packed next to the can of ice. 

The temperature of each bottle after packing was determined with a four point 
multiple thermocouple placed in the bottle in the following position: Point 1, in 
contact with the base of the cotton plug; point 2. suspended in mid-air between 
the base of the bottle and the plug; point 3. fastened to the inner wall of the bottle 
on the same level as point 2, and point 4, inserted into the food. 

Readings were taken at one-half hour or one hour intervals, and tests were 
conducted under the shipping conditions of both summer and winter. 

Tests Under Summer Conditions . — The tests were made in July with atmos- 
pheric temperatures (chart 1) of from 30 to 33 C. (80 to 91.4 F.). The only 
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Chart 1. -Temperatures in cylindric iced shipping package under summer con- 
ditions. In this chart and in the accompanying charts, the solid straight line rep- 
resents the maximum effective retardation-inducing temperature; the solid curved 
line with crosses, the temperature of the air; the line of dash and dots, the tem- 
perature of point 1 ; the line of short dashes, the temperature of point 2; the line 
of medium dashes, the temperature of point 3, and the line of long dashes, the 
temperature of point 4. 


temperature in the cylindric iced package low enough to produce successful retarda 
tion was recorded by point 4, which was inserted in the food next to the ice This 
temperature was 12.1 C. (53.8 F.), but it lasted only about one hour. The tem- 
peratures m the upright and prone packages were similar, and their averages were 
taken. About the cotton plugs it was ahvav* warmocf ° . . 

? ■<** h - 

tur e was 27.5 C. (81.3 F.), at which temperature maggots are alwavs , , 

f t eedlng f m ThUS 5t ' S eVident that Under SUmmer editions practical^- no retard" 
tion of the maggots is accomplished by this method. ' retar da- 

The temperatures in the rectangular package 
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difference in temperature was only about 3 C. (5.4 F.). The mean minimum tem- 
perature was 18.5 C. (65.3 F.), which was not sufficiently low to produce dormancy 
of the maggots. 

These tests were purposely conducted under the most unfavorable atmospheric 
conditions of summer, so that the adequacy of retardation by low temperature for 
the conditions of this season and of tropical countries might be determined. 

Tests Under Winter Conditions. — Winter temperature was obtained by placing 
the package in a mechanical refrigerator maintained at 20 C. (68 F.). This tem- 



Chart 2. — Temperatures in rectangular iced shipping package under summer 
"conditions. 



Chart 3. — Temperatures in cylindric iced shipping package under winter con- 
ditions. 

perature was chosen as that usually encountered by maggots in mail-coaches and 
post-offices. The insulation of the bottle prevents chilling when the package is 
exposed for brief periods outside. 

Under these conditions the temperatures in the bottles were both lowered and 
prolonged. In the cylindric containers the temperatures bore a parallel relationship to 
those under summer conditions. The lowest temperature, 4.5 C. (40.1 F.), was 
reached in the food (chart 3). By the first hour this had risen to 7.5 C, (45.5 F.) , 
no appreciable increase occurred before the end of fourteen hours. A uniform tem- 
perature of 17.5 C. (63.5 F.) was recorded throughout the bottle in twenty-three 
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hours, and it was approximately that of the surrounding atmosphere in thirty 
hours'. All portions of the bottle were sufficiently cooled to produce a successful 
degree of dormancy, hut only for fifteen hours. The duration of the retardation- 
inducing temperature in the warmest portion of the bottle was onlj aliout eight 
hours, and, as is shown later in this paper, it is naturally this portion in which 
the maggots tend to cluster. 

In the rectangular package the temperatures of the bottle were lower and rose 
more slowly, of course, than under summer conditions. The variation in tempera- 
ture between the different parts of the bottle (chart 4) was only 2.5 C. (4.5 I*\), 
and all temperatures had the same relationship to each other as those under sum- 
mer conditions. In this type of package the temperatures also fell and rose more 
slowly than in the cylindric container. The lowest temperature was recorded on 
the side adjacent to the ice. There an effective retardation-inducing temperature 
was maintained for eighteen hours, while in the food the time of retardation was 
reduced to fourteen hours. A successful degree of retardation of the maggots was 
obtained in all portions of the bottle, but the low temperature did not persist long 
enough to permit successful long distance shipping. 



Chart 4. — Temperatures in rectangular iced shipping package under winter 
conditions. 


EFFECT OF TEMPERATURE GRADIENT OX MIGRATIOX OF MAGGOTS 

As the temperatures in a bottle of maggots varied when placed next 
to ice, it was assumed that the specimens would migrate to the warmest 
part. The lower temperatures would thus be ineffective. Tests were 
therefore conducted to determine this point. 


Bottles containing food and maggots were placed on cans of ice, and the activity 
of the maggots was observed as the temperature fell. 

In each case the maggots began to wander from the food when it was chilled 
to 18 C. (64.4 F.). They fed readily, however, at this temperature if no higher 
one was available. Further chilling to 14 C. (57.2 F.) caused most of them to 
leave the food and cluster in the warmer parts near the plug, and they returned 
to the food only when it had become warm. In charts 1, 2, 3 and 4 it is shown 
that this migration considerably reduced the effectiveness of the ’ retardation 
inducing temperature during shipment. On the basis of this migration, retardation 
lasted only about fourteen hours under the most favorable conditions (chart 4) 
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The foods so far in use, unfortunately, tend to run to the warmer 
parts of the bottle, thus becoming available to the maggots and promoting 
rapid growth during most of the period in transit. The tendency, 
therefore, is toward either overgrowth or excessive mortality, either of 
which prevents satisfactory utilization of this method. 

TEMPERATURE AT WHICH MAGGOTS FREEZE 

Tests to determine the temperatures at which the maggots would freeze were 
made with a thermocouple by the contact method, as devised by Robinsond The 
specimens used were of the typical surgical size (from 4 to 6 mm. in length). A 
summary of the data is given in table 4. 

As freezing cannot occur until the undercooling point is reached, 
it is seen that freezing is impossible under ordinary conditions of cold 
storage. 

Table 4. — Undercooling and Freezing Points of Surgical Maggots 


UndercooJing Points, Degrees Freezing Points, Degrees 
C. P. C. F. 


Maximum temperature — 14. G 7.9 —7.2 49.S 

Minimum temperature — to.O :4.o — 4.1 25.0 

Average temperature —11.4 12.9 —5.5 23.9 


COMMENT 

The customary method of retardation of surgical maggots by low 
temperature is inefficient. After two days of storage at from 5 to 6 C. 
(41 to 42.8 F.) only one third of the maggots were able to resume feed- 
ing under conditions similar to those in the wound ; a period of retarda- 
tion of this length is necessary during the sterility tests. After an 
additional storage of four days, as would be required during shipment or 
when surplus maggots were held on hand, less than 2 per cent fed. 

The use of iced containers for maggots in transit is not only expen- 
sive but inefficient. In summer no significant degree of retardation is 
obtained by ice alone. In winter a certain degree of retardation is pos- 
sible. This may last as long as from eight to eighteen hours but this 
time is not sufficient to permit successful shipping for long distances. 

At temperatures between 15 and 21 C. (59 and 69.8 F.) maggots 
gained about 75 per cent in weight during seventy-two hours. This 
range of temperature is always available to them under shipping condi- 
tions in summer and during most of the time under conditions in winter. 

Since the completion of this investigation, one medical supply house 
has vised a larger ice can (with a capacity of 445 cc.), which somewhat 
prolongs the duration of the retardation-inducing temperature. How- 
ever, if the period were to he increased three times, there would he only 

3. Robinson. W. : Determination of the Matural Undercooling and Freezing 
Points in Insects, J. Agric. Research 37:749, 1928. 
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about two days of retardation under the most favorable conditions, and, 
as already shown, only one third of the maggots would he able to resume 
feeding. The increased quantity of ice also adds considerably to the 
weight of the package and the cost of mailing. 

In the cases in which packing with ice has been employed with appar- 
ent success, the results have been largely due to the fact that the mag- 
gots' food was sufficiently low in nutrient value to aid greatly in the 
retardation. 

In view of the inadequacy of retardation by low temperature a more 
satisfactory method is desirable. In an accompanying paper - a method 
of effecting retardation by nutritional means alone is described. With 
this new method the disadvantages are less than with cold storage and 
the period of successful retardation is considerably longer. 

SUM MARY 

A study was made of the value of retardation of surgical maggots 
by low temperature. The work included an investigation of the propor- 
tion of maggots that feed at various temperatures, showing that over 
75 per cent of the maggots fed at 10 C. (50 F.). 

The size of the maggots increased 23.4 per cent when they were 
stored for seventy-two hours at from 10 to 11 C. (50 to 51.8 F.). while 
at from 13 to 14 C. (55.4 to 57.2 F.) the increase was 90.7 per cent. 
Any temperature higher than 12 C. (53.6 F.) was found to stimulate 
too rapid growth and development for successful retardation of the 
maggots. 

The mortality of maggots in storage at low temperatures is extremely 
high. Even when stored for forty-eight hours at from 5 to 6 C. (41 to 
42.8 F.), only one third were able to resume feeding, and the mortality 
was nearly 100 per cent after six days. This high rate necessitates the 
early use of the maggots and prohibits their retention for later use 
when not needed immediately. 

As this method of retardation is used in shipping maggots bv mail, 
its efficiency has been investigated from that standpoint. Tests were 
conducted under conditions of both summer and winter and it was 
found that the temperature was not sufficiently low over a long enough 
period to prevent growth and development during transit. 

The temperature in a bottle of maggots packed next to ice is not 
uniform throughout, and maggots migrate to the warmer portions. The 
retarding effect of the lower temperature is therefore lost. 

If a sufficiently low temperature could be maintained throughout the 
period of transit, most of the maggots would be killed, as they are not 
tolerant of such conditions. 

Reference is made to an investigation in which a method has been 
devised for the nutritional retardation of maggots. 



ADEQUACY OF NUTRITIONAL RETARDATION IN 
CULTURE OF STERILE MAGGOTS FOR 
SURGICAL USE 

S. W. SIMMONS, B.Sc., M.A. 

WASHINGTON, D. C. 

Retardation is a necessity and a convenience in the production of mag- 
gots for surgical use. It is an essential step in the process because during 
the tests of sterility, which are made on all maggots, the growth of the 
maggots must be restrained ; otherwise they become too large for use in 
wounds. It is also essential during long distance shipments. Retarda- 
tion is a convenience, as it permits the holding over of maggots not 
needed at the time. 

Low temperature is at present the chief means used ' to produce 
retardation, but a recent investigation 1 has shown this method to be 
injurious, chiefly because it destroys a large percentage of the maggots. 
In view of the need of a more efficient method, experiments were con- 
ducted on retardation by nutritional means. 

The maggots used were those of the species Lucilia sericata; they 
were reared under the usual aseptic technic. 2 All cultures were kept in 
a cabinet maintained at 27 C. (80.6 F.). 

THE RETARDATION-INDUCING FOOD 

Standards of a Retardation-Inducing Food. — There are various foods 
by which the growth of maggots can be retarded, but most of these cause 
considerable mortality or lack some of the essentials to be enumerated. 

A good food for this purpose should conform to the following 
standards: (1) The food must permit only a slow rate of growth; 
(2) it must at the same time retard development in conformity with the 
slow rate of growth; (3) the mortality during retardation should be 
slight; (4) the food should be nutritionally homogeneous throughout to 
allow uniform growth of all the maggots; (5) it should be of the proper 
consistency to permit free activity of the maggots ; (6) it should permit 
the easy removal of the maggots; (7) it should resist drj'ing; (8) the 

From the Division of Insects Affecting Man and Animals, Bureau of Ento- 
mology and Plant Quarantine, United States Department of Agriculture. 

1. Simmons, S. W. : Sterilization of Blowfly Eggs in the Culture of Surgical 
Maggots for Use in the Treatment of Pyogenic Infections, Am. J. Surg. 25:140, 
1934. 

2. Robinson, W. : Improved Methods in the Culture of Sterile Maggots for 
Surgical Use, J. Lab. & Clin. Med. 20:77, 1934. Simmons. 1 
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food materials should be accessible to the laboratory; (9) the food 
should be simple, cheap and easy to prepare. 

Preparation . — A wide range of foods was tested. The one which proved to 
be the best and simplest is prepared as follows: evaporated milk (fresh), 1 part ; n 
distilled water, 7 parts; agar, 1.5 per cent. 

The milk and water arc mixed; the agar is then added, and the mixture is 
cooked in a double boiler for about twenty-five minutes. It should be poured into 
the food bottles 3 4 while hot. Ordinarily, from 12 to 15 cc. is used in each Ixittlc. 
The proportion of milk and water is sufficiently nutritious to sustain the larvae 
without allowing material growth and development. Some latitude in concentra- 
tion is tolerated, however, any ratio of from 5 to 7 parts of water to 1 part of 
milk being suitable. Solutions of less than 1 part of milk to 7 parts of water are 
not satisfactory, as the milk tends to settle out during autoclaving so that it is 
overlaid with clear agar. This condition is not desirable, ns newly hatched larvae 
should have immediate access to the milk. 

A 1.5 per cent solution of agar gives a jelly-like consistency which is sufficiently 
soft to allow free activity of the maggots and yet is firm enough to prevent run- 
ning. The agar acts as a hydrophilic colloid and thus prevents undue desiccation 
of the food. This action is important, as lack of moisture is detrimental to the 
maggots. The specimens are easily removed from the food by pouring sterile 
water into the bottle and stirring with an applicator, after which the maggots arc 
strained out. If cold water is used the maggots are subdued so that they will 
not escape from the wound before tbe cage is applied. 

GROWTH AND DEVELOPMENT OF SURGICAL MAGGOTS ON 
RETARDATION-INDUCING FOOD 

The rate of development as well as of growth must be reduced by 
the retarding agent. Although the two functions usually occur simul- 
taneously, they can be separated. If growth alone were arrested and 
development continued, the maggots would be useless surgically after 
about five days, even though they were no larger than normal surgical 
maggots, for they would not feed in the wound. On the other hand, if 
growth were well advanced before implantation, one of the outstanding 
activities of the maggots, namely, the removal of necrotic tissue in feed- 
ing, 5 would be correspondingly reduced. 

In the evaluation of the food it was therefore necessary to determine 
the rate of growth and development of maggots during various periods 
of retardation. This was done by making measurements of size and 

3. The proportion used was based on the usual commercial concentration, 
which is about twice that of whole milk. 

4. Robinson, W„ and Simmons, S. W. : Surgical Maggots in the Treatment 
ot Infected Wounds: Recent Apparatus and Methods in Maggot Production and 
Research, J. Lab. & Clin. Med. 19 : 339 , 1934 . 

5. Robinson, W„ and Norwood, V. H. : The Role of Surgical Maggots in 

the Disinfection of Osteomyelitis and Other Infected Wounds, J Bone & Toinf 
Surg. 15 : 409 , 1933. J 
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determinations of instar every twenty-four hours until the period of 
successful retardation had passed. 

It was found that limitation of both growth and development could 
be effected (table 1 ) without allowing the maggots to grow beyond the 
recommended surgical size of from 4 to 6 mm. in length. On the eighth 
day the average length of the maggots was only 6.3 mm. Then followed 
a period of slight shrinkage. While a small percentage of the maggots 
developed into the third instar after one week, the majority remained 
in the second instar throughout the period of retardation. As feeding 
takes place chiefly in the third instar, it is evident that the maggots 
would have four or five days for feeding after implantation. 

These tests were conducted with the usual number (from 500 to 
700) of sterile maggots in each bottle. When an extremely small 
number is used, however, growth tends to be more rapid. 

Table 1. — Grozoth and Dci’dopnicnt of Maggots on Retardation-Inducing Pood 


Ag-e of Maggots from 

Length, 

Percentage of Maggots in Each Instar 

A 

Sterilization of Eggs, Days 

Mm. 

Pirst 

Second 

Third 


2.0 

100 



9 

2.8 

00 

40 



4.S 


100 



5.3 


90 

4 


5.0 


90 

4 


0.0 


ss 

12 


6.0 


TO 

24 


G.o 


70 

30 


0.2 


72 

2S* 


0.0 

*• 

04 

30 


* On the ninth day slightly fewer maggots appeared in the third instnr than on the eighth 
day. This may be attributed to the incidental results of the random sampling. 

MORTALITY DURING RETARDATION 

Two periods of mortality may be considered as a result of retarda- 
tion : ( I ) the time from the hatching of the eggs to the implantation in 
the wound, during which the maggots have the retardation-inducing 
food and (2) the interval after transference to the wound. The second 
period will be discussed in the following section. 

In determining- the mortality during the first period, a series of bottles of 
Sterile specimens was prepared, each bottle containing equal numbers of eggs 
by weight P On the third day of retardation the maggots from one third of these 
bottles were counted; the others were counted on the sixth and ninth days, respec- 
tively. The average mortality for each series is shown in a succeeding paragraph, 
but a certain degree of fluctuation occurred within the series. 

The total number of live specimens from the three day series was 861 ; no dead 
maggots were seen. With retardation by low temperature for three days, how- 
ever, there was a mortality of 60 per cent. 0 On the sixth day the total number 

6. Simmons, S, W. : Use of Low Temperatures in the Culture and Trans- 
portation of Surgical Maggots, this issue, p. 1014. 
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the wound or fail to feed vigorously, their therapeutic value would, of 
course, be correspondingly reduced. It was therefore essential to deles* 
mine (1) the proportion of maggots that would resume feeding when 
transferred to the necrotic tissue. (2) the amount of tissue consumed 
and (3) the length of time the maggots would feed. These points art- 


discussed in the following subsections. 


The laboratory tests described in this section were supplemented 
by clinical observations made on patients at the George Washing- 
ton University Hospital, the Gallinger Municipal Hospital and the 
Emergency Hospital, in which nutritionally retarded maggots were 
supplied for the purpose. The results were confirmed in numerous 
instances by surgeons in various parts of the United States. 


Technic. — Twcntv-sevcn bottles of sterile maggots were prepared, and a- a 
check the tests were conducted in two scries. After the maggots were 3 days old. 
a known number of several hundred from each of a number of bottles was trans- 
ferred to a definite quantity of necrotic beef. This procedure was repeated with 
maggots 5, 6, 7, 8 and 9 days old. The containers of meat were placed on sari d, 
which was examined each day for maggots. The meat was also examined tor 
dead maggots. Any maggots left in the meat after five days of feeding were 
removed and counted. By this method the proportion aide to resume feeding and 
the length of the period of feeding were determined. 

In each series additional containers of meat, without maggots, were prepared 
as controls to determine the natural loss of weight by desiccation. The average 
weight of meat per container was 144.2 Gra., and the maximum variation between 
individual containers did not exceed 1.4 Gm. This was true of the containers 
both with and without maggots. The loss in weight averaged about 37 per cent, 
and. with this factor known, the quantity of tissue consumed bv the larvae could 
be determined. It is probable that the amount of desiccation from the two grouos 
of food differed slightly, owing to the activity of the maggots in the one group 
Thrs variation, however, should have little practical bearing on the results obtained 


. . Pr °Portion of Maggots Able to Resume Feeding .— Practically no 
injury tothc larvae was evident after three clays of nutritional retarda- 
ion This is shown by the fact that 79.6 per cent of the maggots that 
hatched developed to maturity when placed on necrotic tissue (table 2) 
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This proportion is as great as the number which ordinarily mature 
when reared on nutrient cultural food. When retarded by a low tem- 
perature of from 5 to 6 C. (41 to 42.8 F.) for three days, however, only 
21.4 per cent were able to resume feeding. * * * * 5 6 

There was little additional mortality after five days of retardation, 
as 76.6 per cent of the maggots developed to maturity when placed on 
necrotic tissue. This number is in striking contrast to that of maggots 
retarded for the same length of time by low temperature, of which only 
12.1 per cent were able to resume feeding. After six days this number 
was reduced to 1.5 per cent, 6 while with nutritional retardation 70 per 
cent of the maggots were able to continue feeding. 

After seven days of retardation a considerable drop occurred in the 
percentage of maggots which were able to feed. On the basis of the 


Table 2. — Effects of Nutritional Retardation and Retardation by Low Temperature 
on the Number of Maggots Able to Resume Feeding and on the 
Amount of Tissue Removed * 


Percentage of Maggots Xeerotic Tissue Consumed per 

Able to Peed Hundred Maggots, Gm. 

. V. 


Retardation 

Nutritional Retardation by Nutritional by Low 

Retardation Period, Days Retardation Low Temperature Retardation Temperature 

3 79.6 21.4 6.4 J.S 

5 76.6 12.1 6.0 1.0 

6 70.0 1.5 5.1 0.1 

7. . . . si, s 0.0 4.8 No observation 

S . 453 0.0 3.8 No observation 

t, ' ' ■!£ ■[ 0 0 2.1 No observation 


* The results are based on a definite number of maggots at hatching. 

number that hatched, 51.8 per cent were able to feed and develop to 
maturity, while after eight days the number was reduced to 45.3 per 
cent. This proportion is twice as great, however, as the number which 
were able to feed when retarded for only three days by low temperature. 
It is not possible to keep maggots under low temperature in a condition 
in which they will feed after seven days. 

At the end of nine days 28.1 per cent developed to maturity when 
given the proper food. The mortality incurred after this time is often 
compensated for by the convenience of holding over sterile maggots for 
future use. 

The usual mortality in a bottle of maggots is extremely difficult to 
detect and therefore frequently overlooked. Because dead maggots are 
sometimes moved about or obscured from view by the activity of hvmg 
ones, the assumption is often made that they are all alive. On nia ong 
actual counts, however, it is frequently found that a large numjer are 
dead. This is especially true if the maggots have just died and c is- 
coloration has not yet taken place. After retardation by low temperature 
or after prolonged nutritional retardation many maggots may ic 
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disintegrate. The diminution in the number of live maggots in this 
manner is not readily noticeable, as even 100 or 200 live maggots in a 
bottle appear to be a great number. 

Amount of Necrotic Tissue Removal.— hi the final anlysis of the 
effect of retardation on the therapeutic value of maggots, the quantity 
of necrotic tissue which they can remove from the wound is of primary 
importance. A unit of 100 newly hatched maggots removed 0.4 Cm. of 
tissue after three davs of nutritional retardation (table 2). In reality, 
100 living maggots would remove more than this, but as there is a slight 
mortality through retardation, less than this number were available. 1 he 
visual osteomyelitic wound may require an implantation of a 00 maggots, 
and in this case 32 Gm. of necrotic tissue would be removed. On the 
other hand. 500 specimens retarded by low temperature for three days, 
which includes the period during the tests of sterility, were able to 
remove only 9 Gm. of tissue. 

Table 3 . — Effect of Nutritional Retardation on Length of Feeding Time of 
Maggots on Necrotic Tissue 


Prrc« ntni;c of Mnccotf OnMnp I’mllnp A ? t • r 

, — * ■. 

Mor<- Tlinn 

Retardation Period, Days TnoDny? Three Day? Four Day.' Five D»y.« Five Dny.« 


3 0.0 4.2 01.3 0.4 0.0 

o 0.0 3.1 91.0 2.3 1.4 

0 0.0S 14.4 73.4 S.2 1.9 

7 0.1 4.1 02.7 22.0 10.S 

S 0.2 7.1 22.4 39.0 24.2 

9 0.0 3.1 29.1 29.3 2'.3 


After five days the amount consumed per hundred maggots was 
6 Gm.; after six days, 5.1 Gnv., and after seven days, 4.8 Gm. Even 
after eight days over one half of the potential feeding capacity of the 
maggots was still available. It is interesting to note that even after 
nine days the therapeutic value of the maggots was still considerable, 
while with retardation by low temperature the value practically ceased 
to exist after three days. 

On account of the excessive serous exudation of the wound which is 
stimulated by the presence of the maggots, a certain amount of necrotic 
tissue is discharged from the wound with the drainage. This could not 
be determined by the method used. The data shown, therefore, probably 
do not represent the maximum amount of tissue removed. 

Duration of Feeding in the Wound .— The length of time that surgical 
maggots are usually allowed to feed in the wound is from three to four 
days ; A few still feed if left for five days. It is shown in table 3 that 
nutritionally retarded maggots were able to feed for the required period 
and this has been confirmed by numerous clinical tests. The duration 
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of feeding and the large number that survive under this method increase 
the therapeutic value of such maggots. 

APPLICATION OF NUTRITIONAL RETARDATION 

In the Laboratory and Hospital . — Both labor and expense in maggot 
cultui e can be 1 educed by nutritional retardation. This method restrains 
the growth and development of maggots during the sterility tests with 
the minimum amount of injury. It also permits maggots to be held for 
several days after they are read}' for use, which eliminates the need of 
sterilizing eggs daily to maintain a continuous supply of specimens, 
since sterilization twice a week is sufficient. 

After the maggots are received at the hospital the surgeon is fre- 
quently unable to use them promptly; it is therefore convenient and 
economical to be able to hold them over until needed. This can be done 
when maggots are retarded nutritionally but not when they are retarded 
by low temperature. 

During Transit . — When only a few maggots are required, they are 
usually purchased from certain pharmaceutic supply houses, and fre- 
quently they have to be shipped for long distances. Retardation during 
transit has been attempted chiefly by packing in ice, but this method has 
been proA^ed inefficient . 0 Experiments have been conducted on nutri- 
tional retardation during transit, not only in the laboratory but in actual 
practice. Surgical maggots Avere shipped from Washington, D. C., to 
New York, Pennsylvania, Ohio, loAva, North Dakota, Oregon, Cali- 
fornia, Texas and Alabama. The time spent in transit varied from 
three to eight days, and in every instance but one ' the maggots ivere 
reported to be alNe and active on arrNal and able to feed for four 01 
five days after being transferred' to necrotic tissue. Maggots have also 
been kept in the laboratory in which this investigation was made foi a 
Aveek or longer and then used in human Avounds at hospitals in A ash 
ington Avith excellent results. 

When this method of shipping is employed, all the necessary packing 
is accomplished by simply wrapping the bottle of maggots in a layer o 
cellulose and inserting it into a carton for mailing. 1 he postage on sue 1 
a package is comparatNely Ioav, the Aveight being only about one-eight i 
that of iced packages. The excessNe material and labor used in making 
up the iced package are also rendered unnecessary. 

Nutritional retardation, therefore, seems applicable to various phases 
of maggot culture requiring the restrained groAvth and development o 
the maggots, and it makes the cultural process more simple, efficient ant 
economical. 

7. For some unknown reason the majurots in one bottle were dead on arrnn 
at Ames. Iowa. 
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A retardation-inducing food, consisting of evaporated milk. agar 
and water, lias been devised which eliminates t Iiv necessity tor the 
customary metliod of retardation by low temperature, both during the 
sterility tests and during transit. 

Tests were conducted to determine the rate of growth and develop- 
ment during nutritional retardation; it was found that both processes 
could he retarded for eight or nine days without serious injury. This 
possibility permits surgical maggots which are not needed immediately to 
be held for later use. It also enables long distance shipments to he made 
efficiently and with the minimum expense and labor. 

A study has been made of the amount of necrotic tissue removed 
from the wound by maggots after various periods of nutritional retarda- 
tion. This quantity is vastly greater than when retardation bv low 
temperature is used. The therapeutic value of the maggots is thus 
greatly increased, as removal of necrotic tissue is apparently one of tin- 
principal factors in the value of this treatment. The amount removed 
varies inversely, however, with the length of the period of retardation, 
owing to the increased mortality. The period of feeding following 
retardation is from four to five days, and the maggots have a tendency 
to feed longer after an extended period of retardation than when 
growth has been arrested for only a short period. 

Practical tests were conducted on shipments of nutritiouallv retarded 
maggots for long distances. Specimens mailed to various parts of the 
United States were reported as received in good condition and as feeding 
for four or five days after being transferred to necrotic tissue. 



PERITONEAL DRAINAGE 

RESISTANCE OF SINUS TRACT TO INFECTION 
PHILIP SHAMBAUGH, M.D. 
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BOSTON 

Drainage of the peritoneal cavity has been shown to be a futile and,, 
in fact, a harmful procedure in many of the conditions in which it was 
formerly advocated, lhere remain, however, three definite indications 
for the use of drains in the abdominal cavity: first, to control bleeding 
by the hemostatic effect of a foreign body; second, to provide an outlet 
for a localized infection of the peritoneal surface and thus to prevent 
formation of abscesses, and third, to produce a sinus tract through 
which substances may escape from a walled-off area within the abdomen 
without soiling the general peritoneal surfaces. In the third instance 
it is of considerable importance to know how soon the sinus tract forms 
and how soon the tissues comprising its walls become impervious to the 
passage of pathogenic organisms. 

A number of investigators have shown that a foreign body left as a 
drain in the abdomen is shortly encapsulated by adherence of the sur- 
rounding peritoneal surfaces, so that the drain no longer communicates 
with the general peritoneal cavity. In 1905 Yates 1 made an admirable 
study of this problem in the dog. He observed that either gauze or 
rubber protective was entirely encapsulated within six hours and that 
the adhesions had become organized to form a structural tract at the end 
of three days. It is a familiar clinical observation that the abdominal 
sinus which remains after the removal of the drain a week or ten days 
postoperatively is just as resistant to infection as any other granulating 
wound. The number of days, however, that the drain must remain 
before the sinus tract can safely be exposed to pathogenic organisms lias 
not been determined. The following experiments were undertaken to 
elucidate this point. 

METHOD OF INVESTIGATION 

A virulent strain of Bacillus coli, secured from the department of pathology of 
the Peter Bent Brigham Hospital, was passed through a number of guinea-pigs 
until it had attained sufficient virulence to kill the pig within twenty-four hours 
after the intraperitoneal injection of 1 cc. of a twenty-four hour culture (approx; 

From the laboratory of Surgical Research, Harvard Medical School. 

1. Yates, J. L. : An Experimental Study of the Local Effects of Peritoneal 
Drainage, Surg., Gynec. & Obst. 1:473, 1905. 
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mately 500,000,000 organisms per cubic centimeter). A description of the cxjtcn* 
mental procedure follows. 

The abdomen was sbaved and cleansed with etber and 70 per cent airoiiol. A 
small incision was made in the midline through the skin, muscle and peritoneum, 
and the layers of the abdominal wall on either side were approximated by ‘ill: 
sutures. A tube of gum rubber, 8 mm. in diameter, was inserted 3 cm. mto the 
abdominal cavity, and a sterile dressing was held in place over the tube by an 
adhesive binder. At varying intervals after o|>eration the tube wa« removed, tin- 
character of the sinus tract was noted and 1 cc. of the twentv-fonr hour culture 
of B. coli was introduced into the tract. The dressing was then reapplied, li the 
animal subsequently died, cultures were made of material obtained from the peri* 
toneum through an incision made under aseptic precautions some distance from 
the sinus. If the animal was still alive after four days, it was killed, and similar 
cultures were made. 

Similar experiments were carried out in a limited number of dogs. The cul- 
ture used in these experiments was obtained from an animal dying of peritonitis 
induced by making a gaping incision in the lower part of the colon. Studies used 
as controls showed that, whereas as much as SO cc. of this culture injected iutra- 
peritoneally was required to kill a dog. the peritoneal cultures remained positive as 
long as six days after the injection of 10 cc. 

RESULTS 

The nature of the sinus tract was observed at the following stages : 
At the end of twenty-four hours, removal of the tube left no visible 
tract. The intestine closed in and tended to bulge out of the wound on 
straining. In forty-eight hours a poorly formed tract was apparent, 
though the intestine still tended to protrude on straining. After three 
days a definite sinus tract had formed which did not collapse on removal 
of the tube. 

In the first series, consisting of eight animals, the tube was removed 
on the first, second, third and fourth days after insertion, and a tight 
dressing was applied. All the animals survived, and the culture material 
obtained from the peritoneum four days after removal of the tube was 
negative in each instance. 

In the second series, consisting of ten animals, the tube was removed 
after twenty-four hours, and 1 cc. of the culture was injected into the 
wound. Four pigs died and six survived until the fourth day. The 
cultures of peritoneal material obtained from three of these animals 
were positive, and those from three were negative. 

In the third series the tube was removed after forty-eight hours, and 
an injection of the culture was made into the wound. One of the ten 
pigs died, and nine survived till the fourth day. The cultures of peri 
toneal material obtained from two of the nine pigs were positive and 
those from seven were negative. 

. . In the fourth series - the tube was removed after three days and an 
injection of the culture was made into the sinus. All ten pigs survived 
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till the fourth day, when cultures of peritoneal material yielded one 
positive and nine negative results. 

In the fifth series, the tube was removed after four days and an 
injection of the culture was made into the sinus. All ten pigs survived, 
and the cultures of peritoneal material obtained on the fourth day were 
dll negative. 

In the sixth series, the tube was removed after five days and a por- 
tion of the culture was injected into the sinus. All five pigs survived, 
and the cultures of peritoneal material on the fourth day were all 
negative. 

In the seventh series four dogs were used. The tube was removed, 
and 10 cc. of culture was injected into the tract on the second, third, 
fourth and fifth days, respectively. Cultures of material from the 
peritoneum obtained two days later were negative except in the case of 
the first dog. 

COMMENT 

It is seen that the resistance of the sinus tract rapidly increased, 
becoming complete by the fourth day. There was considerable resistance 
on the second day, in spite of the fact that the tract was so poorly 
formed that in most instances it was disrupted by removal of the tube. 
This may have been due to an increased local peritoneal resistance, 
resulting from the irritation of the foreign body. 

It is interesting to compare the resistance of the peritoneal sinus to 
infection with that of healing sutured wounds of the skin and abdominal 
wall. The resistance of the latter type was worked out by DuMortier - 
in guinea-pigs, using a virulent strain of Staphylococcus haemolyticus. 
He determined that there was a rapid increase in resistance, so that by 
the fifth day it was comparable to that of intact skin. On the third day 
implantation of cultures of staphylococcus on the surface caused infec- 
tion in 36 per cent of the animals, and on the fourth day in 10 per cent. 
Our results showed a slightly more rapid acquisition of resistance in the 
case of the peritoneal sinus. However, the fact must be considered that 
it takes, as a rule, a much larger number of organisms to infect the peri- 
toneum than it does to cause an infection in the abdominal wall; hence 
a few organisms may have made their way through the wall of the sinus 
into the peritoneal cavity but were destroyed there by the time the ani- 
mal was killed and a culture obtained. 

From the foregoing observations it may be concluded that an 
abdominal drain of smooth rubber or rubber tissue may be safe!) 
removed after the third day without danger of infecting the genera 
peritoneal cavity either by infection from without or by the e\ acuation 

2. DuMortier, J. J. : The Resistance of Healing Wounds to Infection, Stirg., 
Gynec. & Obst. 56:762, 1933. 
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of infected material along the sinus tract from within. This would 
probably not hold true in the case of drains in which there is exposed 
gauze, for with this type early removal disrupts the sinus tract. How- 
ever even in this case, local peritoneal immunity would probably tend to 
prevent the spread of infection. 

Certain clinical deductions may he drawn from the experimental 
study of the reaction of the peritoneal surfaces to drains. When tin- 
drain is inserted in a clean case to control bleeding, it should be removed 
prior to the third day or before a structural tract lias formed, and this 
removal should be performed under strictly aseptic precautions. If tin- 
drain is allowed to remain longer titan the third day. the resulting sinus 
tract may become infected, and. though there is little danger of infect- 
ing the general peritoneal cavity, convalescence is unnecessarily pro- 
longed. When the drain is inserted to produce a sinus tract through 
which an underlying abscess may later he evacuated cxtraperitoneallv, 
the drain may he removed as early as the third day. hut preferably on 
the fourth or fifth day, and the abscess may he ruptured through 
the resulting sinus tract. The tract must, of course, he kept open by tile- 
reinsertion of a suitable piece of rubber tissue or tubing until the 
abscess has healed in. When the drain is inserted in infected peritoneal 
surfaces in which one suspects that an abscess would form if drainage 
were omitted, the drain should not he removed before the fourth day 
or before a structural tract is formed, and the tract must, of course, 
be kept open until it heals in from the bottom. 

Furthermore, certain conclusions may he drawn as to the type of 
drain which should he employed. Exposed gauze should he avoided 
whenever possible. When the drain is for the control of bleeding and 
the hemostatic effect of the gauze is required, the “cigaret" type of drain 
should he employed and care he taken that only the gauze which is in 
direct contact with the bleeding tissue is left uncovered by the rubber 
easing. When the drain is inserted to provide an extraperitoncal outlet 
for infected material, a simple rubber tube is preferable. This tube 
should he smooth and soft but sufficiently rigid to produce a tract of 
suitable diameter to allow for subsequent irrigations. 

Except for the control of bleeding, there seems to he little value in 
the incorporation of gauze in abdominal drains. For a few hours the 
gauze conveys serous exudate to the surface, hut after that period it 
serves only as a plug to dam hack purulent material which would find 
its way out through a simple rubber tube. 



PENETRATION OF MOIST HEAT APPLIED TO THE 
ABDOMEN AND ITS EFFECT ON INTES- 
TINAL MOVEMENTS 

H7ALMAR E. CARLSON, M.D. 

AND 

THOMAS G. ORR, M.D. 

KANSAS CITY, KAN. 

The use of heat in the treatment of abdominal conditions, particu- 
larly peritonitis or localized abscesses, has become a frequent procedure 
in hospitals. Patients as a rule state that they feel better when such 
treatment is instituted, and the relief from pain which heat affords in 
intestinal or pelvic conditions is commonly known. 

Some conflict of opinion is evident in the literature concerning the 
effect of heat applied locally to the abdomen. Among those who have 
found a rise in temperature within the abdomen after the application 
of heat to the outside of the abdomen are von Ewald, 1 von Brieger, 1 
Wendriner, 1 Winternitz 2 and Eichler and Schemel. 3 These authors 
used hot steam or jets of hot water to induce the increase in temperature. 
Chelmonsld, 1 using hot water bottles, induced a rise of 2 C. within the 
abdomen, while Stengel and Hopkins, 4 using the same method, found 
the results negligible. Hepburn and his associates, 5 using hot water 
bags, hot wet packs, electric pads, irradiation with infra-red rays and 
diathermy, were unable to increase intragastric temperature after apply- 
ing heat for one hour or longer, except with diathermy, by which a rise 
of 1 F. was noted. No studies recording the effect of heat on intestinal 
movements have been found in the literature. 

From the University of Kansas School of Medicine. 

1. Quoted by Eichler and Schemel. 3 

2. Winternitz, W., et al., in Cohen, S. S.: System of Physiologic Therapeu- 
tics, Philadelphia, P. Blakiston’s Son & Company, 1902, vol. 9, p. 248. 

3. Eichler and Schemel: Ueber die Beeinflussung der Magentemperatur durch 
verschiedene hydrotherapeutische Applikationen und ihre Messung mit dem Fie er- 
registrierapparat, Deutsche med. Wchnschr. 37:2371, 1911. 

4. Stengel, A., and Hopkins, A. H.: A New Method for Determining the 
Intragastric Temperature in Man with Some Observations on Its Variations er 
Ingestion of Hot and Cold Liquids and During Digestion, Am. J. M. c. 

101, 1917. 

5. Hepburn, J. S.; Eberhard, H. M.; Ricketts, A., and Rieger, C. L. W.: Tem- 
perature of the Gastro-Intestinal Tract: The Effect Thereon of ot I an 
Foods and of Physical Therapeutic Agents, Arch. Int. Med. 52:603 ( c ■> 
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EXPERIMENTS 

Heat was applied to the abdomen hy using two thicknesses of m«i<-t flannel 
beneath an insulated rubber electric pad. 'I he heating system was covered with a 
layer of rubber sheeting to prevent the loss of heat. The beat was usually applied 
for one hour and in sonic experiments for three* hours. 1 he tempe*rnture of the 
pack ranged between 106 and 109 I*, at its point of contact with the skin. 

The first ten determinations were made on two mature (logs weighing 10 Kg. 
each by taking the temperature with a long thermometer through the anus in the 
midcolon and in Thirv-Vella jejunal loops with the same mercury thermometer 
before and after heat had been applied for one hour. T he abdomen of each animal 
was shaved, and the dogs were allowed to be in the room in which the experiments 
were carried out for at least an hour. The animals had bad no food for at least 
twelve hours before the experiment was begun. ’1 lie body temperature was taken 
through a slit in the axillary fold. 

Fifteen determinations were made on three adult patients by taking the tem- 
perature in colostomy openings before and after the application of heat for one 
hour. The oral temperature was also recorded. Five observations were similarly 
made on a 9 year old child weighing 25 Kg. to determine the difference in effect 
produced by the thickness of the abdominal wall. These determinations were com- 
pared with five determinations made on a dog which weighed 25 Kg. Five obser- 
vations were made on an adult having an infected suprapubic cystosHnny wound 
to determine any difference in the conduction of heat between infected and lion- 
infected areas. In each of the five patients studied the effect of heat applied for 
three hours was also observed. 

The effect of heat on intestinal contractions was studied in the dog hy applying 
heat to the abdomen and recording intestinal contractions on a smoked drum by 
means of a jejunal Thirv-Vella loop and a Brodie bellows. Heat was also applied 
by injecting warm water directly into the Thiry-Vella loop. 

RESULTS 

The application of heat to the abdomen of small dogs for a period of 
one hour resulted in an average rise in temperature within the intestine 
of 1.2 F. (table). In one experiment no increase was noted and in 
another a drop of 0.6 F. occurred. The average rise in body tempera- 
ture for the ten animals was 0.5 F. The largest dog showed an aver- 
age increase of 0.9 F. in the intestine and a rise in body temperature 
of 0.3 F. 

The experiments on adult patients with colostomies showed only a 
slight tendency to an increase of the temperature in the intestine. In 
eight of the experiments there was either no change or a drop in the 
temperature within the intestine. A small average rise of 0.2 F. was 
noted, with an average rise of body temperature of 0.1 F. The results 

on the child, however, were more definite : An average rise of 0 8 F 
was noted. 

The presence of infection did not seem to have any influence in 
either increasing or decreasing the penetration of heat. The average 
rise within the suprapubic cystostomy wound was 0.3 F. 
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The application of heat for a period of three hours did not signifi- 
cantly increase the intra-abdominal temperature in adults. In* one 
patient the temperature remained unchanged after three hours. The 
child showed, however, a definite rise after a three hour period. 

Kymographic tracings of the jejunum of the dog with the same heat 
applied to the abdomen as in the other experiments or with the appli- 

Comparison of Changes in Temperature (F.) After Moist Heat Had Been Applied 
to flic Abdomen for One Hour to Sltozv the Difference in Penetration 
Through Thick and Thin Abdominal Walls 


Experiment Average 





t 


A 



a Rise in 


Temperature 

1 

2 

3 

4 

5 

Temperature 

Dogs; 1 

Abdominal 

Before 

102.0 

103.0 

104.0 

102.2 

103.6 

Abdominal, 1.2 

weight, 10 Kg. 


After 

103.2 

106.2 

105.4 

103.0 

104.6 



Axillary 

Before 

100.5 

102.2 

103.8 

100.5 

102.6 




After 

100.8 

102.6 

104.2 

101.8 

101.8 


2 

Abdominal 

Before 

104.0 

101.2 

102.1 

102.2 

101.5 

Body, 0.5 



After 

105.5 

103.0 

102.1 

101.6 

103.4 



Axillary 

Before 

103.G 

100.3 

100.0 

00.4 

101.1 




After 

104.1 

101.1 

99.8 

99.6 

102.1 


Adults; 1 

Abdominal 

Before 

100.1 

100.2 

100.1 

99.4 

99.4 

Abdominal, 0.2 

weight, GO Kg. 


After 

100.2 

100.1 

100.1 

99.7 

99.8 



Oral 

Before 

09.4 

99.0 

99.6 

03.7 

9S.6 




After 

99.7 

99.6 

99.3 

9S.7 

9S.0 


2 

Abdominal 

Before 

99.9 

99.3 

100.2 

99.4 

100.0 




After 

99.9 

100.0 

99.7 

99.9 

9S.8 



Oral 

Before 

99.2 

9S.8 

99.0 

9S.9 

9S.9 




After 

99.3 

99.1 

93.0 

99.0 

OS.O 


3 

Abdominal 

Before 

100.0 

99.2 

99.5 

99.9 

99.3 

Body, 0.1 



After 

100.0 

99.G 

99.4 

99.9 

99.4 



Oral 

Before 

98.6 

98.6 

99.1 

9S.7 

9S.9 




After 

9S.5 

9S.7 

99.4 

9S.C 

9S.8 


Child; 1 

Abdominal 

Before 

99.5 

99.1 

99.5 

99.1 

99.S 

Abdominal, O.S 

weight, 25 Kg. 


After 

100.0 

99.0 

100.8 

101.2 

99.4 



Oral 

Before 

99.2 

99.3 

99.1 

99.4 

99.2 

Body, — 0.4 



After 

99.0 

99.0 

98 .9 

98.8 

98.4 


Dog; 1 

Abdominal 

Before 

101.0 

102.5 

101.1 

101.5 

101.4 

Abdominal, 0.9 

weight, 25 Kg. 


After 

101. G 

103.8 

102.0 

102.0 

102.5 



Oral 

Before 

99.5 

101.1 

99.5 

100.0 

101.1 

Body, 0.3 



After 

99.8 

101.5 

100.1 

100.1 

101.5 



cation of warm water directly into the intestine at the same temperature 
showed no' tendency to an increase or decrease of either intestinal tone 
or amplitude of contractions. 

SUMMARY 

Warm moist heat was applied to the abdomen of small and large 
dogs, adults and a child for periods of from one to three hours in a 
total of forty experiments, and the temperature was recorded either in 
the colon or in an intestinal fistula. The effect of heat on intestina 
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contractions was noted in dogs with Thiry-Vella loops by the nse of 
kymograpliic tracings. 

It was determined that local applications of heat to the abdomen 
produce a rise in temperature within the abdomen if the abdominal wall 
is not too thick. Definite penetration was noted in the child and in the 
dogs, but the penetration in the adults was negligible. Prolonged appli- 
cation of heat did not increase the degree of penetration. 

The application of heat to the abdomen or of warm water to the 
intestine did not affect intestinal tone or intestinal movements. 



SUCTION WITH A NASAL CATHETER: ITS EFFECT 
ON THE BLOOD CHEMISTRY 

REPORT OF A CASE 
RICHARD F. NORTHROP, M.D. 

PHILADELPHIA 

Although articles in the literature dealing with continuous drainage 
of the intestinal tract through suction applied to an inlying nasal cathe- 
ter are accumulating rapidly, there are at present very few. Although 
the duodenal tube was a prominent part of the surgeon’s armamentarium 
and a device known as the Connell suction apparatus had been assem- 
bled, these aids were not united in therapeutic use until Ward, 1 in 1925, 
employed them in the treatment of “general peritonitis, postoperative 
ileus, intestinal obstruction and acute gastric dilatation” to prevent “that 
dilatation and sogginess of the upper intestinal tract which is so com- 
monly found in cases of this type that come to postmortem examination.” 

Following this rather brief suggestion there was silence until 1932, 
when Wangensteen, 2 in a treatise on acute intestinal obstruction, reported 
the successful treatment of three patients with obstruction by means 
of continuous suction applied through a nasal catheter. Interest in the 
subject has since been increasing rapidly, and the literature now includes 
several excellent articles by Wangensteen and Bartlett and the works 
of Paine, Carlson and Benjamin. These last three authors have con- 
cerned themselves chiefly with the application of suction in the treatment 
of postoperative nausea, vomiting and distention, while Wangensteen 
and Bartlett have more particularly studied its use in cases of ileus 
and of obstruction of the bowel. 

Suction applied through a nasal catheter is recommended by Paine, 
Carlson and Wangensteen 3 for use as a routine following operation 

From the service of Dr. H. L. Northrop, Hahnemann Hospital. 

This thesis was submitted to the faculty of Surgery of the Graduate Schoo 
of Medicine of the University of Pennsylvania in partial fulfilment of the require 
ments for the degree of Master of Medical Science (M.Sc. [Med.]) for graduate 
work in Surgery. 

1. Ward, R. : An Apparatus for Continuous Gastric or Duodenal La\ age, 

J. A. M. A. 84:114 (April 11) 1925. 

2. Wangensteen, O. H. : Early Diagnosis of Acute Intestinal Obstruction 
with Comments on Pathology and Treatment, with Report of Successful ecom 
pression of Three Cases of Mechanical Bowel Obstruction by Nasal Catheter uc 
tion Siphonage, West. J. Surg. 40:1 (Jan.) 1932. 

3 . Paine, J. R.; Carlson, H. A., and Wangensteen, O. H.j Postoperative 
Control of Distention, Nausea and Vomiting: Clinical Study with Re erencc 
Employment of Narcotics, Cathartics, and Nasal Catheter Suction-Siphonage, 

M. A. 100:1910 (June 17) 1933. 
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on the biliary tract and gastric or intestinal operation, and Paine 4 rec- 
ommended it in any case of postoperative distention with or without 
nausea and vomiting. Paine 4 further stated that patients who ha\e 
undergone apjxmdectomy or an o]>eration for hernia piohahh h<i\c Uss 
nausea and vomiting and require fewer enemas when subjected to the 
intestinal decompression, hut lie expressed the belief that the advan- 
tages are too few to warrant its use, since it means retention of the 
tube in the nose for several days and a postponement of the tetmn to 
fluids and food bv mouth. 


The indications tor the use of suction by means ot the nasal catheter 
in cases of obstruction of the bowels are clearly defined by W angensteen 
and Paine s and include simple obstruction of the small intestine, spastic 
ileus and paralytic ileus. The authors are especially careful to insist 
that the chief contraindication is strangulation. Wangensteen 1 ' added: 
“Adhesive bowel obstruction is especially amenable to treatment by this 
method, whether the causative adhesive obstructing mechanism is of 
recent (postoperative) or remote origin." 

While Wangensteen and Paine, with faith in the ileocecal valve, 
included among their contraindications cases in which an obstruction 
in the left colon caused dilatation of the proximal portion of the large 
bowel, Bartlett 6 7 disagreed, stating the belief that even here decompres- 
sion may he effected, since at times the ileocecal valve is incompetent. 

This paper was prepared in an effort to determine the effect of 
continuous duodenal drainage on the physiologic status of the organism 
and especially its effect on the quantity of chlorides in the blood and 
the carbon dioxide-combining power of the plasma. It was felt that 
dehydration could be studied by observing the changes in the concen- 
tration of the blood and in the urinary output. And. finally, an effort 
was made to determine an adequate means of combating the changes 
which might occur. 

The apparatus used was in principle the same as that described bv 
Wangensteen. 2 For some patients whose gastric contents were par- 
ticularly thick and especially for patients with an emergency case who 


were not properly prepared it was found advantageous to use, instead 
of the routine no. 16 F Levine catheter, one of larger caliber, namely, 
no. 18 F. The larger catheter was tolerated just as well. 


4. Paine, J. R.: Constant Suction by Nasal Catheter as an Adjunct in Post- 
operative Treatment, Minnesota Med. 15:444 (June) 1932. 

5. Wangensteen, O. H„ and Paine, J. R. : Treatment of Acute Intestinal 
Obstruction by Suction with Duodenal Tube, J. A. M. A. 101:1532 (Nov 111 

6. Wangensteen, O. H.: Therapeutic Considerations in the Management of 
Acute Intestinal Obstruction, Minnesota Med. 15:556 (Aug.) 1932. 

7. Bartlett, W., Jr., in discussion on Wangensteen and Paine.-' 5 
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. In the P atients under observation, samples of blood were taken 
immediately before the operation. At the same time a specimen of 
urme was collected for examination. When the patient had reacted 
from the anesthetic sufficiently to swallow, the Levine catheter was 
passed through the nose and suction was instituted. At the same time, 
para-oral fluids, if any were to be used, were administered. No attempt 
was made to measure the amount of fluids taken by mouth nor the 
amount of fluids or gas recovered from the stomach. Morphine was 
given when necessary. To alleviate the irritation of the tube in the 
nose, 1 drop of 0.5 phenol in oil was dropped into each nostril every 
six hours, as suggested by Bartlett. 8 A 0.5 to 1 per cent solution made 
by dissolving several lozenges of ethylaminobenzoate in water was 
sprayed in the throat occasionally; it seemed to afford relief. 

At the end of a twenty-four and a forty-eight hour period following 
the insertion of the nasal catheter, blood and urine were collected for 
study. The blood for the determination of the carbon dioxide-combining 
power was taken under oil and tested according to the method of Van 
Slyke. The blood chlorides were determined as outlined by Whitehorn. 
A modified Sahli technic was used in recording the hemoglobin. 

In table 1 are outlined the results of duodenal drainage for forty- 
eight hours for thirteen patients, twelve of whom were operated on for 
a pathologic condition of the gallbladder or appendix. The thirteenth, 
Robert T., who was an ambulant patient with osteomyelitis, consented 
to drainage so that the list would include a near-normal person. 

Under the column “Ketones in the Urine” are listed the values for 
acetone and diacetic acid as they appeared in the urine. The total amount 
of urine excreted in forty-eight hours is recorded, as is the amount 
of morphine required to control the pain. The maximum temperature 
and pulse readings are given. In this first group, no para-oral fluids 
were given. The patients drank water ad libitum so long as it returned 
immediately through the nasal tube. 

In table 2 are recorded the results obtained in four cases in which 
fluids were given in the form of continuous venoclysis, either of saline 
solution and dextrose or of saline solution alone. 

Table 3 shows the results in two cases in which the patients were 
given hypertonic (3 per cent) saline solution continuously bj the ultra 
venous route. 

Table 4 shows the results when continuous hypodermodvsis was 
employed. In the last group (table 5) the material collected roin tie 
intestinal tract was placed in the rectum in the form of a 6 ounce 
cc.) retention enema every four hours. The patients were mu ec o 


S. Bartlett, W, Jr.: The Concept of Pyloric Balance in _ llct» TmtUtl by 
Continuous Suction from the Stomach, Am. J. Surg. 23.4S4 (i 1 
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8 ounces (240 cc.) of water an hour by mouth, so that the material 
aspirated would not be diluted too much. The intestinal contents were 
collected in a bottle inserted in the circuit, and the amount required 
was withdrawn when necessary, strained, heated and given as an enema. 

In an analysis of the results shown in table 1 it is seen that the 
patients almost uniformly suffered a drop in blood chlorides and an 
elevation of the carbon dioxide-combining power. The blood became 
concentrated, as evidenced by the rise in the hemoglobin content and 
in the number of red cells. Ketones appeared in the urine, in spite of 
the alkalosis. In their book on biochemistry Trumper and Cantarow 9 
explained this as being due (in obstruction of the p}dorus and the upper 
part of the intestinal tract associated with continued vomiting) possibly 
to starvation and privation of carbohydrates, but, they added : “. . . in 
all forms of alkalosis it is probable that the diminution in hydrogen- 
ion concentration diminishes carbohydrate utilization in the 
tissues and thus interferes with the normal combustion of fatty adds 
in a manner similar to that operating in diabetes mellitus.” 

The total amount of urine voided by these patients daily was in only 
four cases more than the 700 cc. that Bartlett 8 mentioned as the upper 
border of dehydration. 

As dehydration advanced and the patients leaned toward alkalosis, 
the majority showed flushed faces and marked thirst; otherwise the 
changes produced no symptoms. All the patients were comfortable 
abdominally, showing no distention, nausea or vomiting. Carlson and 
Orr, 10 in an article describing an experiment in which high intestinal 
obstruction w r as produced in dogs, reported the changes in the blood 
in the animals which were fed water and in those which were not and 
concluded that, in spite of the changes in the blood, which are more 
marked in the former group, “continuous lavage of the stomach in acute 
intestinal obstruction is a beneficial part of the treatment.” 

The four patients data for whom are given in table 2 were in a 
more serious condition than the others and were subjected to continuous 
venoclysis. As may be seen, although the carbon dioxide-combining 
power still showed a rise toward alkalosis, the administration of saline 
solution had caused a rise in the chloride content of the blood and 
had eliminated the dehydration. Herbert W., in a state of definite 
alkalosis on admission, showed this condition corrected under the admin- 
istration of saline solution. 

9. Trumper, M., and Cantarow, A.: Biochemistry in Internal Medicine, 
Philadelphia, W. B. Saunders Company, 1932, p. 203. 

10. Carlson, H. E., and Orr, T. G.: Experimental Obstruction of Jejunum : 
Effect of Administration of Water on Length of Life and Changes in lemicn 
Composition of Blood, Arch. Surg. 28:292 (Feb.) 1934. 
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Even the administration of a 3 per cent saline solution did not check 
the drop in the blood chlorides in the two patients data for whom are 
shown in table 3. The intake of fluid apparently was adequate, since 
there was no evidence of dehydration. The thirst evidenced by these 
patients was even more marked than that evidenced by the others. 

Continuous hypodermoclysis to some extent controlled the changes 
in the blood, as shown in table 4, and the changes in the red blood cell 
count and in the hemoglobin were not so marked as those shown in 
table 1, but the urinary output was diminished. Mar}- L. at the end 
of forty-eight hours of drainage started to have severe fibrillation and 
for twenty-four hours required infusions of 10 per cent dextrose solu- 
tion and digitalis by mouth. The heart assumed normal rhythm again, 
however, in thirty-six hours. The mishap perhaps was due to an altera- 
tion in the volume of blood. 

Finally, as suggested by Roberts, 11 the drainage material was intro- 
duced into the rectum every four hours (table 5). No rectal irritation 
was caused, and litmus paper showed that the specimens were either 
acid or neutral. The dehydration in two of the three cases was appar- 
ently controlled, and there was an initial rise in the amount of blood 
chlorides in two, but between the twenty-four and the forty-eight hour 
period specimens the chloride content fell. Possibly this was due to 
dilution of the material by water, which was drunk at the rate of 8 
ounces an hour. These three patients appeared more comfortable than 
any of the others, and two required no sedative during their postopera- 
tive course. 

The following is the report of a case of obstruction of the bowel 
of the adhesive type in a patient who recovered under therapy with 
suction : 


REPORT OF A CASE 

Ralph k., a Isegro boy aged 12, was admitted to the hospital on Jan. 28 
1934, and a provisional diagnosis of acute appendicitis was made. He had an 
abdominal scar on the right side near the umbilicus which was said to be the 
result of an operation for the removal of a safety pin which he had swallowed 
when an infant. He was operated on immediately, and an acutely inflamed appen- 
chx was removed. The small intestine was rather markedly distended and was 
firmly adherent to the abdominal wall at the site of the former operation These 
adhesions were treed but during the procedure large areas of visceral peritoneum 
verc torn from the bowel. The child’s condition did not permit adequate explora- 

Un l " «. J: »””v 
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catheter was inserted through the nose and suction was applied. The vomiting 
ceased at once, and in three hours the abdomen was flaccid. Fluids were "wen 
by hypodermoclysis, and the child remained comfortable until February 1, when 
the tube was withdrawn because of a normal pyloric reflex. 12 For the next few 
days the distention was partially controlled by enemas ; a soft diet was attempted, 
but after the first meal caused vomiting the child refused another and was again 
given only liquids. On February 6, the distention became so marked and vomiting 
was so persistent that the tube was again inserted and continuous venocyJsis of 
5 per cent dextrose in saline solution was begun. At this point the enemas were 
entirely ineffective; the distended coils of intestine were clearly visible through 
the abdominal wall, and peristalsis was apparent to the eye. The patient was 
comfortable from this time on. The tube was removed again on February 8, and 
a high compound enema was effective. A liquid diet was begun, and the veno- 
dysis stopped, 4,000 cc. having been given in the two and a half days it was 
employed. The intestinal tract was kept open with liquid petrolatum. No further 
nausea, vomiting or distention occurred, and the patient was discharged in good 
health on Februar 3 r 22. 

SUMMARY - 

The effect of continuous drainage of the stomach and duodenum 
through a nasal catheter was studied in twenty-five patients, twenty-four 
of whom were operated on. 

Continuous suction applied through a nasal catheter causes a drop 
in the blood chlorides, an elevation of the carbon dioxide-combining 
power toward or into alkalosis, an elevation of the hemoglobin content 
of the blood and an increase in the red blood cell count. 

The marked changes in the chlorides, hemoglobin and red cell con- 
tent of the blood and the changed carbon dioxide-combining power 
accompanying continuous lavage of the upper intestinal tract produce 
few, if any, untoward symptoms. 

Of the various methods of administering para-oral fluids, continuous 
venocylsis appears to be most effective in controlling the changes in 
the blood incident to continuous duodenal suction. 

Administration of the aspirated intestinal contents in the form of 
retention enemas does not cause rectal irritation and deserves further 
study as a means of combating postoperative dehydration and the loss 
in chlorides and the alkalosis incident to obstruction of the bowels and 
continuous lavage of the stomach. 

The use of a properly functioning nasal catheter with applied suction 
is an efficient way of controlling postoperative nausea, vomiting and 
distention and should be used prophylactically in cases in which this 
triad is anticipated. 

A case of obstruction of the bowel of the adhesive type, o 
recent (or remote?) origin is reported, and' the use of duodenal suction 
in the case is described. 

12. Bartlett, W., Jr.: The Changing Attitude Toward Ileus, Surg., G} net. & 
Obst. 57:702 (Nov.) 1933. 



ACUTE PANCREATITIS 


FRANCIS F. HENDERSON, M.D. 

AXD 

E. S. A. KING, M.D. 

BOSTON 

Acute pancreatitis is an emergency condition that has interested the 
surgeon for many years. In spite of a large amount of study the results 
of treatment have not shown improvement in any degree comparable to 
that obtained in the case of many other abdominal diseases. From a 
study of the literature' it is seen that the mortality rate varies between 
40 and 80 per cent. During the last fifteen years, sixty patients with 
proved cases have been operated on at the Boston City Hospital. No 
report of an appreciably larger series has ever been published. This 
paper is based on a study of the literature and of these sixty cases. 

etiology 

The hypotheses as to the etiology of acute pancreatitis presented by 
different students of the disease vary considerably. There has been a 
stereotyped classification of the etiology which practically every author 
recognizes, but there is no clearcut idea as to the importance of the 
different factors. 

Pancreatic infection by the lymphatic route based on the anastomosis 
and relation of the lymphatics between the gallbladder and the pancreas 
(chiefly the head) has heen given much consideration. 

Pancreatic infection through the bile ducts has been considered 
important, and much reference has been made to it, proving that the 
injection of sterile bile, infected bile and the various bile salts into the 
pancreatic ducts results in acute pancreatic necrosis simulating the patho- 
logic picture which is frequently seen at operation. Again, the etiology 
has been considered from the standpoint of duodenal contents being 
forced into or aspirated into the pancreatic ducts. Retrojection of bile 
due to spasm of the sphincter of Oddi is the hypothesis of Archibald. 
Again, the lodging of a gallstone in the ampulla of Vater, above which 
the bile duct and the duct of Wirsung have a common opening, has been 
discussed and found to be the cause in about 4.5 per cent of the cases. 

Pancreatic infection by way of the blood stream is a possibility • it 
has developed in the course of some infectious diseases such as tvphoid 
mfiucnza, f urunculosis and parotitis. It is a well known fact that', 

Fro™ the Fifth Surgical (Harvard) Service of the Boston City Hospital. 
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especially in children, there is an involvement of the pancreas simulating 
acute panci eatitis that develops during the course of mumps. 

Pancreatic infection by direct contiguity has also been discussed. 
Such conditions as perforation of a gastric or duodenal ulcer or car- 
cinoma of the stomach with ulceration may cause pancreatic infection in 
a few cases. However, in going over the literature it is noted that within 
the last ten years only three cases have been reported in which a per- 
forated ulcer was associated with acute pancreatitis. In a series of 
thirty autopsies performed at the Boston City Hospital in cases of acute 
pancreatitis, accompanying perforated gastric ulcer has been present in 
only one instance. The coexistence of disease of the gallbladder with 
acute pancreatitis has been prevalent in the experience of most authors, 
and especially in the German literature disease of the gallbladder and bile 
ducts holds the highest place by far among the associated etiologic factors. 
The marked difference between the patholog)' and pathogenesis of pan- 
creatitis and those of all other acute infections is due to the fact that 
once the pancreatic tissue is sufficiently involved to result in activation 
of the trypsinogen the resulting trypsin proceeds to digest the organ 
itself and often neighboring tissues. This activation of trypsinogen 
may occur as a result of damage brought about by any of the afore- 
mentioned etiologic factors. 

INCIDENCE 

Age . — Table 1 demonstrates the incidence of acute pancreatitis 
according to age and points out that the highest incidence is between 30 
and 60 years. 

Table 1. — Age by Decades 


Years 

:8 to 20 

20 to 30 

30 to 40 

40 to 50 

50 to 00 

00 to 70 

Total cases 


Cases 

2 

5 

XG 

15 

1C 

0 

GO 


The youngest patient in this series was 18 years of age, and the 
oldest, 70. The average age for males was 45.3 years and for females, 
42.5 years. The average age for both sexes was 43.9 years. 

Sex. — There is a preponderance of acute pancreatitis in the female 
sex, which is borne out in all tabulated series of cases of this disease. In 
this series there were thirty-five females and twenty-five males. The 
increased incidence of this disease in women is probably influenced 
somewhat by the frequency with which disease of the gallbladder occurs 
in this sex. 

Color .— -Of the sixty patients, four were colored, and all of these 
were of the female sex. 
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PHYSIOLOGY AND PHYSIOLOGIC CHEMISTRY 
In experimentally produced pancreatitis in dogs there is an increase 
in the urea nitrogen and in the nonprotein nitrogen content of the blood 
in about two thirds of the cases. There is no change in the amount of 
chlorides. A slight increase in the carbon dioxide-combining power is 
found in a few cases. The change in nitrogenous elements closely simu- 
lates that in cases of experimental peritonitis, acute intestinal obstruction 
and dehydration. In all cases of pancreatic deficiency the following 
changes occur: Toxins form as a result of incomplete digestion of 
prptein. There is an increase in bacterial activity in the intestines, which 
causes fermentation with the partly converted sugars. There is irritation 
of the intestines from the incompletely split fatty acids. In acute pan- 
creatitis there is an increase in unsplit fat in the stools as well as an 
increased output of nitrogen in the urine not related to the intake of 
food. Glycosuria and an elevated blood sugar are sometimes found, but 
they are by no means constant. 

There is an increase in diastase in the urine owing to the liberation 
of pancreatic ferments. The normal diastase in the urine varies from 
8 to 32 units. In well defined cases of pancreatitis it is usually well 
over 100. In a recent case, not included in this series, there was a pre- 
operative diastase reading of 128 and twenty-four hours following 
operation the value increased to 1,024 plus. Some types of disease of 
the gallbladder, peritonitis and severe glycosuria will increase the diastase 
content of the urine. This must be considered in interpreting this test. 
It is of interest to note that in a recent case of a ruptured infarct of the 
right lobe of the liver with profuse hemorrhage into the peritoneal cavity, 
producing a picture which closely resembled acute pancreatitis, the 
diastase reading was 128. 


SIGNS AND SYMPTOMS 

The signs and symptoms described are those which this series of 
patients presented on admission to the hospital and during their course 
of observation. 

Pain. The pain chiefly described has been that occurring in the 
epigastrium, at first steady and then intermittent, occurring in a rather 
rhythmic fashion. This pain has been described as being at its height 
sharp, stabbing and knifelike. The initial pain lasted from one to two 
hours, with relief for several hours, followed by an exacerbation of the 
same description. In most of the cases the pain did not radiate In four 
cases it radiated to the tops of both shoulders. In two cases it radiated 
to the umbilicus; m two cases it radiated to both costal margins In 
two cases it was referred to the small of the back. In no case did the 
pam radiate to the angle of the left scapula as is sometimes described 
l am was not relieved by morphine to the same extent that biliary colic 
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and renal colic are relieved, a classic feature of this disease. The onset 
of the pain in every case was sudden. In twenty-three cases there were 
lecuirent attacks of epigastric pain dating anywhere from two weeks to 
fifteen years prior to the onset of the last attack. The previous attacks 
were all less severe than the one which brought the patient to the 
hospital. 

Nausea and V oniitmg . — In all cases there were associated nausea and 
vomiting following the pain. The first vomiting was continuous, with 
apparent evacuation of the contents of the stomach, following which 
there was retching at intervals ; the patients described a regurgitation of 
bitter greenish material. In one case vomiting of frank blood was 
present. 

Other Symptoms . — About 30 per cent of the patients gave a history 
of constipation. In no case was diarrhea present. Shortly after the 
onset of pain most of these patients described oncoming or gradually 
increasing distention of the abdomen with little relief obtained by enemas, 
a feature which makes one consider the possibility of intestinal 
obstruction. 

All of these patients were either extremely well nourished or obese. 
On admission the patients were prostrated, five showing cyanosis and 
eight a slight icteric tint. On admission to ‘the hospital the picture of 
shock was not present, and any shock which may have been associated, 
as is often described, must have been present at the onset The pulse 
varied from 100 to 1 20 in rate and was of fair quality. The tempera- 
ture varied between extremes of 96 F. in four cases and 103.5 in three, 
the remainder being between 98.6 and 101 F. ; the average temperature 
was 99.2 F. The respiratory rate varied between 20 and 24. Examina- 
tion of the head and neck revealed no significant signs. There were no 
associated findings in the chest or heart definitely related to acute pan- 
creatitis, although moist rales were frequently present at the bases of both 
lungs at the time of admission. This can be explained by the close rela- 
tionship of the pancreas to the diaphragm. Interference with diaphrag- 
matic excursion results in a decrease in the expansion of the lungs and 
therefore hypostasis of the bases. 

Signs . — The abdominal findings were the most significant symptoms 
at physical examination. Abdominal breathing was limited in practically 
all the cases and absent in many. Palpation revealed a characteristic soft 
distention below the umbilicus with an increasing mild spasm and rigidity 
above the umbilicus, but this was not by any means boardlike. The 
tenderness in the upper half of the abdomen was constant, definite and 
most severe in the midepigastrium. The next most common place was 
the right upper quadrant. In only one case was a mass palpable in the 
epigastrium. In no case was there ecchymosis in either flank. In five 
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cases, shifting dulness was noted. In many cases there was a rather 
diffuse tenderness over the lower, softly distended, portion of the 
abdomen, but it was not marked to any degree in any one place. In 
practically all the cases peristalsis was present, and in some it was 
definitely increased. 

LABORATORY FINDINGS 

The average white blood cell count was 17,000. Red cell counts 
were not made for every patient, but none of those which were made 
fell below 4,500,000 ; the highest was 5,054,000. 

Sixteen patients showed a slight but definite trace of albumin in the 
urine. Four patients showed glycosuria. Acetone and diacetic acid were 
present in one case. The urine in all other cases was essentially normal. 

SUMMARY OF CHARACTERISTICS 

The characteristics of acute pancreatitis may be summarized as fol- 
lows: prostration of the patient; severe, rhythmic, intermittent epigas- 
tric pain; recurrent retching and vomiting; softness and distention of 
the lower part of the abdomen ; epigastric tenderness with mild spasm 
of the upper part of the abdomen; occasional slight jaundice, and 
occasional cyanosis. 

The laboratory findings are an increased amount of diastase in the 
urine, a high red cell count, an increased white cell count and a com- 
paratively low temperature. Glycosuria may or may not be present. 


DIFFERENTIAL DIAGNOSES 

In the literature extensive lists of other conditions are frequently 
considered under the heading of differential diagnosis. In the present 
series, the following diagnoses were seriously considered in one or more 
cases : perforated gastric or duodenal ulcer, acute cholecystitis, intestinal 
obstruction, subdiaphragmatic abscess, acute appendicitis, renal calculus, 
peritonitis, lobar pneumonia, diaphragmatic pleurisy, perinephritic 
abscess, coronary disease, ruptured ectopic pregnancy, pleurodynia and 
infarct of the liver. 


SURGICAL PATHOLOGY 

At exploration, in twenty-nine of the cases in this series there was 
ree fluid in the peritoneal cavity. In twenty-six instances the fluid 
varied from serosanguineous to dark brown, the latter type representing 
old blood free m the peritoneal cavity. In three cases the fluid was of 
a clear straw-colored type. In eight cases fluid was found in the lesser 
peritoneal sac. In each of these the fluid consisted of old blood pus 
and necrotic tissue of the sac. Organization of this material sometimes 
encapsulated the entire pancreas. Fatty necrosis was a common finding, 
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being present in forty cases. It was distributed in the great omentum, 
the adjoining viscera and the mesentery, over the pancreas and through 
the lesser sac. It was characterized by small islands made up of numer- 
ous small white areas averaging from 2 to 3 mm. in diameter. These 
islands of fatty necrosis alternated with normal areas of fat. In thirty- 
eight cases a hard, indurated pancreas was noted ; it had swollen to from 
two to three times its normal size and was a somewhat reddish brown. 
In some of these cases, however, there were punctate hemorrhages under 
the capsule. A soft, necrotic pancreas was found in sixteen cases, and 
in six cases the pancreas was normal in size and consistency except for 
small areas of fatty necrosis. The small as well as the large intestines 
showed moderate distention. 


Table 2. — Type of Operation Performed 





Mortality, 

Type of Operation 

Cases 

Deaths 

per Cent 

Cholccystostomy plus drainage of pancreas 


14 

48 

Oholecystectomy plus drainage of pancreas 

7 

4 

57 

Drainnge through foramen of Winslow} 

Drainage of pelvis ) 

9 


55 


Drainage of pancreas alone 

15 

9 

60 


Table 3. — Length of Time from the Onset of Symptoms to Operation 


0 

to 12 

Interval Before Operation 
hours 

Cases 

IT 

Deaths 

12 

Mortality, 
per Cent 

64 

12 

to 24 

hours 

12 

7 

BS 

24 

to 48 

hours 

15 

C 

40 

2 

to 6 

days 

9 

2 

22 

7 

to 12 

days 

4 

2 

50 

12 

days 

plus 

S 

3 

100 


,Of the sixty patients, thirty-three (55 per cent), showed some type 
of associated disease of the gallbladder. Thirteen patients (21.7 per 
cent) showed a large, tense gallbladder. Fifteen (25 per cent) showed 
chronic cholecystitis plus stones, and five (8.3 per cent) showed macro- 
scopically a pathologic picture of chronic cholecystitis without stones. 

TREATMENT 

In most clinics acute pancreatitis has been recognized as presenting a surgical 
emergency. Immediate operation has been advised by nearly all authors. The 
type of operation, however, varies in different clinics and in different cases in the 
same clinic. The indications vary with the different conditions found on explora- 
tion. In this series the operations performed are shown in table 2. 

This table demonstrates that the lowest mortality rate occurred in cases in 
which the gallbladder and the pancreas were drained. The drainage of the pan- 
creas in these cases was through the gastrohepatic omentum or the gastrocolic 
omentum. The drainage of the pancreas was induced by blunt dissection with the 
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finger so as to avoid extensive hemorrhage. Extensive splitting of the capsule 
and perforating pancreatic tissue leads to further liberation of pancreatic ferments 
and hemorrhage. 

In table 3 the operations are classified according to the length of time from 
the onset of symptoms to the operation. 

If all the cases were of egual severity this table would prove that the optimum 
time for operation is from two to six days after the onset. But possibly the 
patients who were operated on earlier had the more fulminating cases, and perhaps 
many of those who died would have died anyway. In spite of this, however, the 
difference in results between early and somewhat delayed operation indicates that 
delay should deliberately be tried in cases of all degrees of severity in a large 
series. There is little doubt that in a process as diffuse as this suggestive mea- 
sures (nothing given by mouth, hypodermoclysis and administration of morphine) 
will probably allow nature to wall the process off to some extent and make the 
operation safer when it is performed. 

Table 4 indicates the anesthetic used and the accompanying mortality. 


Table 4. — Mortality with Various Anesthetics 





Mortality, 

Anesthetic 

Cases 

Deaths 

per Cent 

Nitrous oxide, oxygen and ether 


22 

47 

Spinal 

10 

0 

CO 

Local 


4 

100 


Anesthesia produced by nitrous oxide, oxygen and ether was accompanied by the 
lowest mortality rate. That ten operations were performed under spinal anesthesia 
is not sufficient proof of its value. The significance of local anesthesia cannot be 
evaluated from this series, because the four patients operated on were practically 
moribund from the beginning. 


SUMMARY 


The cases of sixty patients with acute pancreatitis treated surgically 
have been studied. 

The incidence of disease of the gallbladder occurring with acute pan- 
creatitis was 55 per cent. 

The mortality rate was 53.3 per cent. 

Cholecystostomy plus drainage of the pancreas through the gastro- 
hepatic or gastrocolic omentum was the safest operation. 

Nitrous oxide, oxygen and ether anesthesia was accompanied by the 
lowest mortality. 

The fact that the mortality rate was the lowest in patients operated 
on from the second to the sixth day is of considerable interest We 
realize that this series of cases is too small to warrant definite conclu- 
sions, but the results lead one to think that acute pancreatitis does not 
present as much ot a surgical emergency as has been previously thought 

It is our plan m the future to be conservative in the treatment of 
acute pancreatitis and to delay operation to some time between the 
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second and sixth day, choosing' the time when the patient’s condition 

appeal s to have reached a maximum degree of recovery from the 

initial toxemia. 
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PROSTATE GLAND 

Calculi. — Franceschi 27 stated that it is only recently that a clear 
distinction has been drawn between urethral calculi and true prostatic 
calculi formed and grown primarily within the substance of the prostate. 
Since 1927 he has found only 16 cases of the latter in the literature. 
True endoprostatic caculi may be either autochthonous (endogenous) 
or migrating (exogenous), the former being the more rare. Endo- 
prostatic calculi migrating from the urethra into the prostate, of which 
a case is here reported, are generally small and numerous but may occa- 
sionally be large and single, as in the present case, in which the form 
of the calculus confirmed its deep endoprostatic situation by the faith- 
fulness with which its arborization repeated the acinous structure of 
the organ within which it had developed. 

The mode of exclusion of these calculi from the urethra may be 
conceived as the formation of a parenchymatous or interstitial reaction, 
with organization of granulation tissue, or there may be a purely mechani- 
cal factor of inclusion following fibro-adenomatosis, especially in men 
with a tendency to prostatism. The commonest type of stone forma- 
tion is uric acid lithiasis, and the type of infection most frequently asso- 
ciated therewith is that which results from the enterococcus. I he pH 
seems to be more acid in this condition, with the presence of crystals of 
sodium urate or of free uric acid. These concretions arc almost symp- 
tomless and are usually discovered at the time of prostatectomy. They 

27. Franceschi, Eugenio: Contribute alio studio della calcolosi prostatica vera, 
Arch, ital di urol. 11:366 (June) 1934. 
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may escape detection in the roentgenogram, since uratic calculi have a 
composition similar to that of the soft parts of the body and are among 
those least visible roentgenographically, even on the best films, while 
calculi of pure uric acid may be invisible, especially if they lie deep 
within a parenchymal organ. 

Endoprostatic calculi may be masked completely by prostatism until 
some congestive or infective factor favors their mobilization. Xn this 
stage they present the characteristic and marked sign of producing a 
grating sensation on introduction of the sound, a sign which may be 
regarded as pathognomonic. In Franceschi s case in a man 7 9 years 
of age, the remarkable feature was the fact that there had been no 
signs of prostatism until a few weeks before observation, when an attack 
of retention occurred, for which the patient treated himself with a reten- 
tion catheter which he was wearing when he came in for treatment. It 
is probable that the irritation produced by the catheter was responsible 
for the mobilization of the calculus, which was found at operation and 
was removed by the suprapubic route. Franceschi regarded this 
approach as the safest, and he found valuable aid in incision of the neck 
of the bladder. This route gives the best guarantee of success with 
prompt and secure drainage, besides resting the bladder without expos- 
ing the patient to the risks of perineotomy, which may lead to the forma- 
tion of fistulas and to recurrence, particularly if periprostatitis and 
rectal adhesions are present. When chronic prostatitis exists, a supra- 
pubic prostatectomy is often the best mode of treatment. 


[Compiler’s Note. — In the surgical management of prostatic cal- 
culi, it appears that the perineal route of approach is surgically and 
anatomically the most convenient, since it is easier to expose the pros- 
tate gland and remove the calculi under direct vision without opening 
the bladder, thereby simplifying the procedure. Those patients who 
are subjected to a suprapubic operation for drainage of a prostatic abscess 
or for the removal of prostatic calculi are required to stay in the hos- 
pital much longer than those on whom a perineal operation is carried 
out for one of the same conditions. It has also been shown that the 
surgical shock is greatly diminished in the perineal operation and that 
the drainage from below is always more satisfactory, even when pros- 
tatectomy is to be done. It is evident, therefore, that in cases of pres- 
ume calculi the procedure of choice should always be by the perineal 
route rather than by the suprapubic route.] ' 1 

Hamer and Dykhuizen- Mated that calculi found in the prostate 
fall into one of two mam groups: the endogenous, which are formed in 
the prostate gland and, at least at their inception, neeer come in contact 
wnh the nr, nary const, turns, and the erogenous, which are form'd 


28. Hamer, H. G„ and Dykhuizen, T. A,: 
119 (April) 1934. 


Prostatic Calculi, Am. J. Surg. 24: 
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higher up m the urinary tract and are arrested in the prostatic urethra 
where they increase in size. The latter calculi cannot be regarded as 
true prostatic calculi since they originate outside of the prostate gland 
and aie composed of urinary salts. These can be distinguished from 
true prostatic calculi which have eroded through the prostate gland 
and have acquired a secondary coating of urinary concretions by chemi- 
cal examination of their nuclei. A true prostatic calculus has an 
albuminoid nucleus, whereas an exogenous calculus has a nucleus com- 
posed of uric acid, urates or oxalates. The true prostatic calculi are 
probably formed by deposits of calcareous material on the corpora 
amylacea, which are frequently met in sections of apparently normal 
glands. Prostatic calculi are found chiefly-' in adults, although in the 
series of 305 cases reviewed by Thomas and Robert, 4 boys aged 10 
years had prostatic stones. These investigators found that two thirds 
of the patients were between 40 and 60 years of age, the greatest num- 
ber being between the ages of 50 and 60. Hamer and Dykhuizen 
stated that several pathologic conditions are found associated with 
prostatic stones. Invariably there is a low grade of prostatitis; urethral 
strictures are relatively frequent; calculi in other parts of the urinary 
tract are frequently demonstrated ; carcinoma of the prostate seems to 
be a rare accompanying lesion. True prostatic calculi are almost always 
multiple. Joly believed that the cases in which a single stone has been 
removed are examples of urinary stones that have become lodged in the 
prostate. Usually the smaller stones occur in such numbers and are 
so small that it is impossible to count them. There are recorded cases 
in which more than a thousand stones have been removed. The smaller 
stones are usually round and have no facets ; they are dark brown and 
can often be cut with a knife. They are often scattered throughout the 
prostate gland and extend down the ducts and into the acini. These 
give a-> characteristic dotted appearance on the roentgenogram. The 
layger stones usually occur in pouches formed by the destruction of the 
■glandular walls. Frequently these stones are faceted where they touch 
one another. The most common arrangement, as viewed on the roent- 
genogram, is a mass of stones in each lateral lobe connected by an 
isthmus. The distribution is not always symmetrical. Chemical analysis 
of the stones reveals that they are composed of an organic and an inor- 
ganic element. The organic material, which forms the nucleus, is of 
an albuminoid nature but is apparent^ not a true protein. The inorganic 
salts are calcium phosphate, potassium phosphate, magnesium phosphate, 
calcium oxalate and calcium carbonate. The changes in the prostate 
vary according to whether there has been suppuration and whether the 
stones have attained sufficient size to ulcerate through the gland. The 
gland is invariably enlarged but is rarely over twice its normal size. 

Its surface is firm and is usually regular, but at times it is nodular and 
hard. If the stories are large, the condition can be distinguished from 



SCHOLL ET Ah. — REVIEW OF UROLOGIC SURGERY 1061 


carcinoma of the prostate by the roentgenogram. Usually the border 
of the prostate is well defined in cases of calculi in contrast to the irregu- 
larity of the border in cases of carcinoma, and this aids in differentiating 
the two conditions by rectal examination. The roentgenogi am is most 
important in making a diagnosis of prostatic calculi, but one should 
bear in mind the possibility of phleboliths in the prostatic plexus. Often, 
however, a presumptive diagnosis and less often a positive diagnosis can 
be made by other means. Sometimes prostatic stones are first suspected 
by the grating which they impart to an instrument passed into the 
urethra. Hamer and Dvkhuizen stated that the treatment of prostatic 
calculi often will depend on the other conditions which are present. The 
frequency with which prostatic hypertrophy accompanies prostatic cal- 
culi makes the treatment of the former condition of primary impor- 
tance, and the stones are of secondary interest. When' the stones were 
small and very numerous the prostate was enucleated through the supra- 
pubic route, and the resulting cavity was thoroughly explored and 
sponged. A surprising number of stones are recovered clinging to the 
dry gauze sponge, even after a thorough digital examination fails to 
detect them. Many operators prefer the perineal route for the removal 
of larger stones. The presence of small prostatic calculi does not 
contraindicate electrical resection or interfere appreciably with this pro- 
cedure. On the contrary, it was found to be a satisfactory method of 
removing a subcervical nest of calculi in 1 case. 


Resection . — Transurethral manipulations and operations have sub- 
stantially transformed urologic practice. Conservative management of 
lesions of the upper part of the urinary tract, such as relief of infection, 
stasis, technical expulsion of stone, relief of certain hematurias and 
correction of ureteral drainage defects, proclaims its effectiveness. It 
has even a greater field in cases of lesions of the bladder and of the 
lower part of the urinary tract, and its application in recent years for 
all types of obstruction of the neck of the bladder has revolutionized 
prostatic surgery. 

Caulk- 5 has performed 900 transurethral prostatic resections with 
bis cautery punch, with an operative mortality of 1 per cent. He empha- 
sized the necessity for repeated operations in cases of the larger prostatic 
hyperplasias and stressed the marked retrogression and shrinkage in the 
remaining portion of the gland following partial resection. 

He emphasized the advantages of the punch operation with the 
cautery current over the more commonly employed electroresection with 
the high l re quenev current. To the destructive effects of the latter be 

, w Caulk, J. R. : Transurethral Surgery, Surg., Gynec. & Obst. 58:341 (Feb.) 
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attributes most of the hemorrhage, infection, sepsis and toxic absorption 
which not infrequently follow electroresection. 

r° stud}'' the effect on tissues and the heat-penetrating properties of 
vaiious electric currents, extensive and elaborate experimental studies 
on both animals and human beings were undertaken. A standard 
thermocouple galvanometer was used to record the temperature of the 
tissue. The deductions reached were : 

1. High f i equency cui rents generate heat in the tissues at points 
distantly lemoved from the actual site of burning, often in a degree 
exceeding the thermal death point of the tissue cells. 

2. The heat generated in the tissues by the cautery current never 
penetrates to such depths. 

3. The coagulation currents producing pronounced superficial necro- 
sis result in much less intense heat in the tissue than the cutting currents 
of higher tension values. 

4. The cumulative effects of heat generated in the tissue may be 
partially combated by restriction of the duration of repeated applica- 
tions of the high frequency current so as not to retard unduly the 
normal flow of blood through the prostate gland. This has been esti- 
mated to be 0.68 Gm. of blood per cubic centimeter of tissue per minute. 

He concluded that the incidence of secondary hemorrhage and sepsis 
following resection with the high frequency current can be attributed 
to the erosive effect of late sloughing on the walls of the blood vessels 
as a result of the penetrating effects of the heat of the current. This 
cellular destructive effect is not present with the cautery method of 
resection, in which there is simply a superficial reaction. 

It is of the utmost importance during the performance of resection 
with the high frequency current that currents of minimal tension value 
be empkyed, that the cutting action be performed expeditiously, that 
repeated resections at one point be avoided if possible, and that surface 
coagulation be utilized for the sealing of bleeding points. For these 
reasons, extensive and repeated resections necessitating a large number 
of applications of the current are to be condemned, since the accumu- 
lation of heat and subsequent destruction of tissue in the outer surfaces 
of the gland may be productive of late sloughing and erosion, with the 
development of urinary extravasation, the formation of a fistula and 
urinary incontinence. 

A clinical study of the relative merits of the two methods was made 
through a questionnaire answered by 244 surgeons who had performed 
15,488 transurethral operations, of which 7,415 were done by the punci 
method and 8,073 by electroresection. Analysis of the answers showe 
that the incidence of postoperative hemorrhage following electroresechon 
exceeded that following the cautery method in the ratio of-: l ant 
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same proportion also applies to the necessity for cystotomy in its control. 
Urinary sepsis also occurred more frequently, the ratio being 2.5 : 1, 
whereas the incidence of other complications as a postoperative compli- 
cation with electroresection, e. g., urinary incontinence, fistulas, prostatic 
abscess and rupture of the bladder, was also greater than with the 
cautery method; they occurred 39 times with the former and 9 times 
with the latter. It is of interest to note that the development of recto- 
urethral fistula complicated the course following electroresection 5 times, 
whereas there is no record of this with the cautery' operation. 

Caulk concluded that the experimental and statistical study demon- 
strates the greater value of the cautery method of transurethral resection 
as compared to electroresection. He described a modification of his 
punch instrument which provides telescopic visualization of the opera- 
tive field. 

Garshwiler, Weyerbaclier and Balclr 30 stated that transurethral pros- 
tatic resection is a distinct advance in the management of obstruction 
of the neck of the bladder but that it should be used in selected cases. 
It is conceded that median fibrotic bars, carcinoma of the prostate, 
hypertrophy of the middle lobes and less extensive hypertrophy of the 
lateral lobes are ideal conditions in which to use resection. In cases 
of more extensive hypertrophy, especially of the lateral lobe, prosta- 
tectomy should be used. They stated that functional results have been 
very gratifying in their cases, with the exception of a few cases of 
enormous hypertrophy of the lateral lobes. Postoperative morbidity and 
complications have been conspicuously few and very mild. The authors 
have noted many more complications during preparation with catheter 
drainage than after resection. Their mortality has been 2 per cent. 

From the standpoint of end-results, Goldstein and Herschman 31 
stated that they have not met the same success that they have had in 
their cases in which prostatectomy was performed. There was a direct 
operative mortality of 10 per cent. Five of the 6 deaths occurred in 
cases in which the patients presented a poor surgical risk. The authors 
were able to operate on 18 patients who in all probability would not 
have been able to stand the surgical shock caused by an open major 
operation. In other words, 13, or 72.2 per cent, of these patients at 
the time of the report were living and comfortable without “leading a 
catheter life.” Pyelonephritis is the complication most frequently 
encountered and causes a great deal of concern when present. The 


30. Garshwiler, W. P-; Weyerbacher, A. F.. and Balch, J. F.: Transurethral 
Prostatic Resection: Study ot Functional Results and Morbidity Followinir This 
Procedure, Urol. & Cutan. Rev. 38:413 (June) 1934. 

31 Goldstein, A. E„ and Herschman. M. J.; End Results in Prostatic Resec- 
tion, Urol. & Cutan. Rev. 38:410 (June) 1934. 
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authors best results were obtained in cases of contracture of the vesical 
orifice and median bars. 

Folsom and Alexander 32 stated that it was their opinion that pros- 
tatic lesection, in the hands of competent operators, is destined practi- 
cally to supplant the older types of surgical procedure. This view is 
based on their experience in 225 cases in which resection was performed. 
At the same time they had performed prostatectomy in only 3 cases, 
which means that they had been able to relieve 98 per cent of their 
patients during the past two and one-half years with this procedure. 

Day 33 stated that prostatic resection, as developed during the past 
three years, has enormously widened the field of transurethral opera- 
tions. Because it is spectacular and in the beginning seemed so simple 
and harmless, it resulted in widespread publicity even among the laity. 
Therefore the laity demanded it, even those persons with incipient pros- 
tatic hyperplasia who would have been better off without operation for 
the time being. Day expressed the belief that great gains have resulted 
from resection selectively employed and that its use should be encour- 
aged and not abused. He stated that from 50 to 65 per cent of persons 
with adenomatous prostates fare better after prostatectomy than after 
resection and that the mortality after prostatic enucleation in comparable 
circumstances is certainly no greater and probably less. The post- 
resection morbidity and the deaths occurring in the succeeding six 
months stamp indiscriminate resection as unsound practice. 

Sargent 34 stated that without any convincing exceptions each of the 
pioneers in resection has reported a substantial mortality in his eaily 
cases, whereas, with judgment and skill obtained by experience mortality 
practically disappeared. The very unanimity of that experience points 
to two conclusions. One is that resection without the benefit of ade- 
quate training under some one who is experienced is an extremely 
dangerous procedure. The other is that with experience resection 
comes to be both simple and safe. Sepsis is the outstanding clanger. 
Here again is demonstrated the old observation that it is practical!]' 
impossible to escape a certain amount of infection in operations on the 
bladder and that when the urinary tract is thus infected it demands 
drainage that is free, uninterrupted and adequately prolonged. 

Weltman and Plaggemeyer 35 found that as one gains experience 
with the resectoscope, its field of usefulness greatly bioadens. K - 


32. Folsom, A. I., and Alexander, J. C.: Report of Two Hundred and luent> 
five Prostatic Resections, Urol. & Cutan. Rev. 38:400 (June) 1934. 

33. Day, R. V.: Prostatic Resection: Its Comparative Evaluation, Urol. 

Cutan. Rev. 38:397 (June) 1934. . , „ r . 

34. Sargent, J. C.: Resection of the Prostate: An Evaluation, bro . <■ 

Rev. 38:394 (June) 1934. , ^ . ... 

35. Weltman, C. C, and Plaggemeyer, H. W. : Two Years Experience 

the Resectoscope, Urol. & Cutan. Rev. 38:392 (June) 1934. 
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operator with sufficient experience and ability will be able to remove 
successfully practically all types of prostates transurethrally. The pro- 
cedure is, and always will he, a difficult and laborious task, so filled with 
potential pitfalls that one must be constantly on guard. It is easy for 
the patient but difficult and tricky for the operator. Weltman and 
Plaggemeyer stated the belief that in the future, owing to the lessened 
risk to the patient, men with urinary obstruction will seek resection 
early before large amounts of residual urine accumulate and before 
severe infection and renal damage occur. The results will be much 
better. They stressed that in spite of the most meticulous care in pre- 
operative and postoperative handling the one outstanding thing that the 
expert resectionist has to guard against is infection. 

Mathe 30 stated that at the present time the indications for trans- 
urethral resection are being defined. Enthusiastic urologists who have 
become expert in endoscopy employ the transurethral method for the 
relief of nearly all types of prostatic hypertrophy that come under 
their care. The following percentages indicate how widely some urolo- 
gists are applying the procedure: Ballenger, Elder and McDonald, 
95 per cent ; at the Mayo Clinic, 98 per cent ; Engel, 85 per cent, and 
Alcock, Kretschmer and Caulk, nearly 100 per cent. These surgeons 
use this method in cases of moderate hypertrophy, including hyper- 
trophy of the median lobe with intravesical encroachment, bilateral 
lobular mvolvement and trilobular hypertrophy. Their writings indi- 
cate that they feel that open prostatectomy, a well established surgical 
procedure, is about to be discarded in favor of resection. Another large 
group of more conservative men, Lowsley, Codings and de Shivers, 
feel that this procedure should not be employed in the vast majority 
of cases of prostatic hypertrophy; they limit its use to cases of hyper- 
trophy of the subcervical group of glands, cases of moderate bilobular 
and trilobular adenomas and cases of fibrosis connected with the collar 
type of hypertrophy or atrophy of the prostate. A third group feel 
that their experience with resection justifies its application in an increas- 
ingly large number of cases, from 80 to 85 per cent of all cases of 
prostatism, but they have pointed out that it is insufficient to give per- 
manent relief in cases of an extremely vascular gland and no relief 
whatever in those cases in which it is mechanically impossible to pass 
the rescctoscope or to perform resection of sufficient tissue without 
danger of perforating the prostatic capsule or the wall of the bladder. 
Mathe stated that with the improvement of technic on the part of the 
resectionist the percentage of cases in which resection can be success- 
tully perfor med increases in direct proportion to the skill acquired, with 


36. Mathe. C. P : Further Observations i„ t Jle Treatment of Prostatic Hvper- 
trophy by Transurethral Resection. Urol. & Cutan. Rev. 38:381 (June) 1934. 
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the result that this method is unsuccessful in only from 5 to 15 per 
cent of cases of all types of prostatic disease. The contraindications 
to l esection are . ( 1 ) inability to pass the resectoscope, which may 
result from congenital and acquired stricture of the urethra and vesical 
neck, and distoition of the prostatic urethra resulting from bizarre 
forms acquii ed by the hypertrophied prostate; (2) spongy hypertrophy 
in which instrumentation and resection cause extensive hemorrhage ; 
(3) massive hypertrophy of the prostate ; (4) hypertrophy complicated 
by diverticula and huge stones in the bladder; (5) contracted bladder 
(capacity under 150 cc.), and (6) cystotomy. 

Mathe concluded that resection deserves a firm place among the 
operative procedures on the prostate gland. It has come to stay and its 
indications have been rather well defined. When properly performed, 
it \vill,give satisfactory and lasting results in cases in which the patients 
are suffering from the collar type of fibrotic hypertrophy, atrophic 
sclerosis and moderate hypertrophy of the median and lateral lobes. 
It also affords palliative relief to the patient who presents a poor risk 
and who has massive hypertrophy or carcinoma of the prostate, in which 
case an open operation is contraindicated. Mathe said that it does not 
supplant prostatectomy, which should be employed in cases in which 
there are massive hypertrophy and spongy bleeding. Prostatectomy 
should likewise be employed in all cases in which instrumentation is 
hazardous by reason of a severe reaction on the part of the patient or 
because of urethral stricture, pathologic deformity of the anterior and 
posterior urethra and marked contraction of the bladder. Open opera- 
tion is also indicated in cases in which there are complicating diverticula 
and huge stones of the bladder and in those in which it has been nec- 
essary to perform cystotomy. Transurethral resection of the prostate 
is a highly technical procedure that is difficult to learn and can be per- 
formed skilfully only after the development of proper technic. In skilled 
hands, uniformly good results have been obtained, and the mortality 
has proved to be lower than with prostatectomy. 

Ballenger, Elder and McDonald, 37 who have had twenty-five years 
of experience with prostatectomy and who have employed transurethral 
resection 290 times on 227 patients, have compared their results with 
each of these procedures and have found that the comparison strongly 
favored transurethral resection. Four of the patients who were sub- 
jected to resection died: 2 from heart failure, 1 from uremia and 1 from 
pneumonia. Considering the greatly enfeebled condition of many o 

37. Ballenger, E. G.; Elder, O. F., and McDonald. H. P. : Analysis of the 
Results of Two Hundred and Ninety Transurethral Prostatic Resections, Uro . 

Cutan. Rev. 38:407 (June) 1934. 
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the patients who were subjected to resection, the authors felt that had 
they been subjected to prostatectomy, either in one or in two stages, the 
mortality probably would have been five times greater. In fact, many 
of the patients would have been regarded as too feeble to withstand 
prostatectomy. This group includes all of the operable patients who had 
prostatic obstruction, except 2 for whom prostatectomy was employed 
because of the large size of the hypertrophied mass. The average age 
of the patients was 64 years ; the oldest patient was 86 years of age. 
The time required in the hospital after the resection for 90 per cent of 
the patients was five days. Hemorrhage is probably the most important 
complicating factor in resection. Patients vary greatly as to the amount 
of bleeding which occurs. Extra care should be taken in checking 
oozing and bleeding in cases in which there has been a fall in blood 
pressure, even though considerable time may be required in the operating 
room for the caffeine, sodium benzoate and other remedies to raise the 
blood pressure. Late- bleeding was not of infrequent occurrence, espe- 
cially during the second and third weeks after operation. This nearly 
always responded to rest, free intake of fluids and medication. In no 
case were hemostatic bags employed, nor was suprapubic cystotomy 
required or done for the control of bleeding at the time of resection 
or later. As a rule the bleeding varied with the size of the gland, 
although manj' patients who had hypertrophy of considerable size bled 
very little ; this was in cases in which the tissue cut like potato. Bleeding 
should always be expected; at least, all precautions should be taken to 
have every part of the equipment in thorough working order and the 
patient adequately anesthetized so that he is quiet and does not strain 
or try to move. Low spinal anesthesia is the method of choice. It is 
kept low by using a solution containing procaine and strychnine, which 
is lighter than the spinal fluid, and by tilting the head of the table 
downward before injecting the solution. The table is kept level while 
the needle is being inserted. When the needle is properly placed, the 
head is lowered, and not until then is the injection made. The sexual 


function, as a rule, is not impaired by prostatic resection; sometimes it 
is improved ; at other times it remains the same as before the operation. 
In this series none of the patients had incontinence, and Ballenger 
Elder and McDonald stated that they had no fear of it because they 
took such extreme care with all cuts near the verumontanum The good 
results already obtained, however, by those doing a large number of 
resections, the low mortality, the small amount of pain incident to the 
procedure and the short time needed for postoperative hospitalization 
have already proved that the procedure is a definite improvement over 
prostatectomy. 
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Carcinoma, Stirling 38 stated that the treatment of prostatic malig- 
nant conditions consists in the radical procedures of prostatectomy with 
radium implantation and roentgen irradiation of the prostatic region 
in cases in which the growth is confined to the capsule and in which 
ui inary obstruction is present. If there is no obstruction, radium 
implantation and loentgen 11 radiation may be used. When the malig- 
nant growth has extended beyond the prostatic capsule, as had happened 
in the majority of cases when diagnosed, radical surgical measures 
rarely effected a cure, and the procedure to be followed is either 
punching out or resecting the obstruction; this should be repeated as 
needed to insure the patency of the urethra. Radium and roentgen 
therapy should be used to stop pain and bleeding. These agents will 
often retard the growth and cause a marked improvement in the patient’s 
condition. Before any operative procedure is undertaken for carcinoma 
of the prostate, a preliminary roentgenologic study should be made, 
including cysto-urethrograms to determine the type of tumor, its location 
and extent and whether metastasis has supervened. 

Sarcoma. — Gilbert 39 reported 2 cases of sarcoma of the prostate 
gland which affected youths and reviewed the recent literature to deter- 
mine the value of irradiation in the control of this disease. Both cases 
demonstrated unusually difficult diagnostic problems and were regarded 
as infectious. Thus, emphasis was laid by Gilbert on the differentiation 
of sarcoma and prostatic abscess. In 75 per cent of the cases the growth 
occurs before the generally accepted age for carcinoma of 40 years, 
and in about 80 per cent of cases it occurs before the usual age foi 
prostatic adenoma. The highest age incidence is between 1 and 10 
years ; about 30 per cent of the patients are between these ages. Pain 
may be located deep in the pelvis and may be constant ; it may be related 
only to the intestine or to the urinary tract. It usually extends to the 
sacral region and posteriorly down the legs. Hematuria is a variable 
and unreliable symptom. It depends on ulceration of the primary tumor 
into the bladder or posterior urethra and is rare among children as t ic 
rapidly growing mass frequently produces obstruction much earliei m 
the course of the disease. The preoperative diagnosis of sarcoma of the 
prostate is rarely made, possibly because it is known to be rare an is 
seldom considered. The onset is usually insidious, and the symptoms 
are not uniform. The soft doughy feel of the tumor commonly lea s 
to a diagnosis of simple cyst, echinococcus cyst, hypertrophy ant occa 
sionally carcinoma. Widespread metastasis occurs early, anc t iorou„ 1 

38. Stirling, W. C. : Treatment of Prostatic Cancer, South. H. ]■ 

(July) 1934. 

39. Gilbert, J. B.: Sarcoma of the Prostate: Report of Two Cases, J. ro . 
32:63 (July) 1934. 
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roentgenographic studies of the chest and bony structure (skeleton) 
should be made as a routine measure as they are when carcinoma is 
suspected. The incidence of metastasis to the lungs as well as to the 
bones was 33 per cent in Smith and Torgerson’s series of 34 cases. 
In other cases the tumor has filled the whole pelvis, extending superi- 
orly to the umbilicus. The contour is usually regular but not always 
smooth and is of a peculiar firm consistency, which is described as 
“boggy.” Its consistency resembles that of a gland which has been 
chronically infected. It follows that the more rapid the growth of the 
tumor in younger patients, the less dense is its consistency. Gilbert 
stated that a variety of surgical procedures have failed to control the 
disease adequately. He believed that surgical intervention was indi- 
cated only to relieve obstruction and in the treatment of complications. 
Complete prostatectomy is seldom possible as the tumor is only rarely 
found to be limited within the capsule. Irradiation, both theoretically 
and clinically, offers a greater chance to control this disease. Adequate 
intensive irradiation by means of gold radon implants and high voltage 
roentgen therapy, preferably by the Coutard technic, is advocated pri- 
marily in all cases. Clinical control in between two and six years has 
been obtained in cases in which the patients were more than 40 years 
of age. In the case of young patients, however, the average exten- 
sion of life has been six months. A review of results in the recent 
literature indicated the superiority of irradiation over any type of sur- 
gical procedure. This disease, when treated by surgical methods, has 
been uniformly fatal. Eettoni reported that after twenty radical opera- 
tions 75 per cent of the patients had recurrences in two or three months. 
Smith and Torgerson record that 14 of a total of 84 patients lived 
two and one-half months or less after the onset of symptoms. They 
concluded that the round cell type of tumor is the most malignant ; in 
30 cases recorded, the average duration of life was one hundred and 
forty-four days. The percentage of other types of tumors was so small 
that their relative degree of malignancy could not be correctly estimated. 
However, it may be assumed that the spindle cell type, along with the 
other less cellular tumors, is less malignant. 


URETHRA 


Trauma.— Ormond and Cothron <0 described a case of fracture of 
the pelvis with complete severance of the urethra just anterior to the 
prostate gland. Suprapubic cystostomv and insertion of a Pilcher baa 
after the p assage of a sound through the urethra and subvesical space 


40. Ormond. 1. K.. and Cothron, R. M.: A Simnlr t 

pk-te Severance of the Urethra Complicating Fracture of the Pelvis T a^T 
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with the assistance of a finger in the opened vesical neck, served to 
approximate the torn ends of the urethra and to obliterate the void 
between the segments. The bag was left distended for two weeks and 
was then withdrawn ; an indwelling catheter and suprapubic drain were 
left in for several days longer. The suprapubic wound healed quickly, 
and nonnal urination was effected in three days. The authors expressed 
the opinion that this procedure is rapid and avoids perineal section with 
its possible danger to future sexual function and almost unavoidable 
urethral stricture. 


TESTES 

Undescended Tesies . — Aberle and Jenkins 41 stated that the anterior 
pituitary-like principle from the urine of pregnant women caused the 
testes to descend in 2 of 4 boys who received injections. In only 1 
instance was the descent complete. The substance caused hypertrophy 
of the scrotum and testes and in 1 instance growth of the penis. In 
immature monkeys which had been subjected to unilateral 
orcbidectomy, this hormone caused complete descent of the testes in 1 
animal and partial descent in 4. In these 4 animals the fascia sur- 
rounding the vas deferens and spermatic vessel was too short to allow 
the testes to reach the lower part of the scrotum. The failure of the 
treatment may have been the result of an incorrect amount of hormone, 
of age, of nutrition or of some factor related to the activity of the 
other endocrine glands. In the case of man, possible external mechan- 
ical obstruction and developmental irregularities must be considered. 
Microscopic examination of the testes of the monkeys which had 
received injections of the hormone revealed marked tubular enlarge- 
ment and a corresponding increase in interstitial material but no mature 
sperm. Identical amounts of the anterior pituitary-like factor caused 
various degrees of hypertrophy in the prostate, seminal vesicles and 
testes of immature monkeys. The total dosage of the principle adminis- 
tered is not in direct proportion to the distance that the testes descend 
either in man or in monkeys. 

Engle first described the experimental production of descent of the 
testes in immature monkeys by the injection of hormones of the 
anterior pituitary body or of substances obtained from the urine of 
pregnant women. Cohn 12 stated that the incidence of undescended 
testis among army recruits is reported as varying from 2 to 5 per 
thousand applicants. The right side is more frequently affected, and 
the condition is bilateral in about 25 per cent of cases. Engle ga\e 

41. Aberle, S. B. D., and Jenkins, R. H.: Undescended Testes in Man and 
Rhesus Monkeys Treated with Anterior Pituitary-Like Principle from Urine o 
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a brief and sketchy resume of certain published results which suggest 
that the operative treatment for maldescent of the testes is unsatisfac- 
tory in from 20 to 68 per cent of cases. 

Lower and Johnson, working with normal adult rats, found that 
the injection of the gonad-stimulating hormone of the anterior pitui- 
tary body resulted in stimulation of the testes, as well as of the prostate 
gland and seminal vesicles. Other similar experiments indicate that 
although the testes did not appreciably increase in weight, the accessory 
organs increased markedly under the influence of the gonad-stimulating 
hormone, attaining the size characteristic of these organs in young 
adults. Evans repeated these experiments, but he said in addition 
that the testes themselves actually decreased in weight and seemed to 
be damaged by the treatment. Other work showed that anterior 
pituitary-like substance accelerated spermatogenesis and increased the 
size of the testes in immature rats. 


Engle’s work with monkeys formed the stimulus for Cohn’s appli- 
cation of this principle to human beings. Six cases are reported in 
which 100 rat units of a commercial preparation (a purified form of 
the anterior pituitary-like sex hormone from the urine of pregnant 
women) was given subcutaneously three times weekly for ten injec- 
tions. Cohn concluded from this small group of patients that this 
preparation is apparently effective in causing descent of undescended 
testes when there is no anatomic malformation to act as a mechanical 
obstruction. When an obstruction exists, a partial descent will occur, 
but operation will be required to complete the process. In surgical 
cases, the anterior pituitary-like principle is a valuable adjunct in the 
production of a successful outcome. In 4 otherwise normal children 
Cohn produced complete descent of one testis in 3 and only partial 
descent in the fourth, who, he stated, showed evidence of mechanical 
obstruction and will require operation. 


To overcome the disadvantages of the Torek operation and to 
provide greater postoperative comfort and a shorter period of dis- 
ability from the operation, Wolfson and Turkeltaub 43 have modified 
the technic as follows: Over the inguinal canal, hockey stick incisions 
beginning at the pubic area, are made through the skin and the 
aponeurosis of the external oblique muscle. The broken lines are 
directed outward and upward. The external abdominal ring is split 
through at the middle of the intercolumnar fibers. The blades of the 
aponeurosis are separated widely to permit more mobilitv and better 
relaxation of the arched fibers of the internal oblique and transverse 
muscles. T he gubernaculum testis should be identified and traced to 


43. Wolfson. W. L.. and Turkeltaub, S. M • 
Am. T. Surg. 25:494 (Sept.) 1934. 
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the lower attachment, which is then doubly clamped low down, cut 
and tied at both ends. The testis is palpated, viewed and appraised. 
Usually, it is covered with a veil of cremasteric muscle, from which 
it must be lifted. The testis and the spermatic cord are now gradu- 
ally withdrawn from the inguinal canal. A finger dissection will 
mobilize this structure from its bindings of cremasteric muscle, 
adhesions and transverse fascia by starting posteriorly and working 
deep and high up into the retroperitoneal space. The vaginal process 
or peritoneal tube is freed from the vas deferens and spermatic vessels 
of the cord. The cord may be lengthened by separating all peritoneal 
remnants and adventitious tissue between the vas deferens and the 
spermatic vessels as far down as the testis and epididymis. The new 
bed for the testis is prepared by forcing a finger to the bottom of the 
scrotum. The base of the scrotum is next grasped with two Allis 
forceps 2 cm. apart. A transverse slit is made through the skin and 
dartos between the clamps. Another incision, parallel to, but lower 
than, the first and of equal length, is made on the inner and upper 
part of the thigh, facing the scrotum. The structures of the cord are 
correctly alined. The length and the position of the testis in the 
scrotum are noted. If satisfactory, a clamp is passed through the 
scrotal incision to grasp and withdraw the free end of the guher- 
naculum testis through the scrotal slit. The testis is carried to the 
bottom of the scrotum. A union of the upper skin flap in the thigh 
to the posterior skin flap of the scrotum is then established with 
interrupted sutures. The gubernaculum testis is sutured to the newly 
formed posterior skin suture line with interrupted sutures of fine silk. 
The anterior and complete closure of the skin wound is then effected 
with silk sutures, which also incorporate the gubernaculum testis to 
this union. The inguinal canal and structure are reformed and reunited 
with sutures of no. 1 catgut. The spermatic cord should not be dis- 
placed. Two weeks after the orchiopexy the patient resumes his 
physical activities. Two months later the scrotum is detached from 
the thigh by an incision around the circumference of the scar and 
through the gubernaculum testis. A few interrupted sutures close 
the wounds of the two surfaces. This operation has been pei formed 
with satisfactory results in 45 cases of maldescended testis. 

Tumor. — Salmon and Contiades 44 reported a case of fibroma of 
Morgagni’s hydatid in a man, aged 55. The small, solid, pecliculatc 
tumor, about the size of a hazelnut, was inserted at the anterosuperior 
pole of the right testis, where it had undergone fibrous degeneration 
with torsion. Histologically, it was a pure fibroma which did not 

44. Salmon, Michel, and Contiades, X. J.: Fibrome de I'hydatide tcsticiilmrc 
de Morgagni, J. d'urol. 37:412 (May) 1934. 
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contain any muscle fibers but did contain an abundant formation of 
collagenic tissue which was in a state of inflammation. A search of 
the literature revealed no previous instance of any tumor that had 
been recognized as a pediculate fibroma of Morgagni’s hydatid, but in 
several cases certain facts were reported which gave rather clear evi- 
dence of such origin. Glass reported a case similar to this in which 
on opening the tunica vaginalis for a slight effusion, a small pediculate, 
cellular fibroma, 5 cm. in length, was found resting on the albuginea. 
The structure of this tumor was beyond question the same as that of 
the one reported, but its topography is left in doubt since there was no 
mention of the insertion of the pedicle. It appears entirely possible, 
however, that it was a fibroma of the hydatid of Morgagni. In the case 
which was reported by Lavenant, a white foreign body, the size of a 
bean, was observed within the tunica vaginalis, which was causing 
severe attacks of pain, while the testis and epididymis were normal. 
Lavenant suggested the hypothesis that the structure was derived from 
some such embryonal debris as the hydatid, Geraldes’ body or the vas 
aberrans of Haller, which was in a state of chronic inflammation. 
Before the formation became a floating body it seemed to have 
possessed a pedicle, of which the hilus that was discovered was the 
last remaining trace. In the case here presented the operative findings 
revealed the insertion of the fibroma into the subepididymal furrow 
in the place of the normal hydatid, suggesting that it was a fibroma of 
the latter. The case is no doubt exceptional since the only previous 
observations at all comparable with it have been the result of purely 
anatomic findings and often have been incomplete and disputable. 
Clinically, the diagnosis may be suspected if the tumor is not too large. 
The most important points to observe are the connections of the tumor 
and its topography and mobility. Its opacity can be demonstrated by 
the absence of transparency when transillumination is carried out with 
a focus of light of small size and in a dark chamber. If the con- 
ception of a solid tumor situated under the head of the epididymis is 
then reached, it is justifiable to think of the possibility of an origin in 
Morgagni’s hydatid, even though the greater probability is that of a 
polyp of the tunica vaginalis. The proper treatment of such a pedicu- 
latc tumor consists of its extirpation, together with resection of the 
tunica vaginalis if there is any considerable serous effusion It is 
possible that cases of this kind are, after all, not so rare as they seem 

ow,„g to the fact that at their outset the tumors exhibit no symptoms 
of any importance. ^ ^ 


Henhne 15 stated that the diagnosis of malignant tumors of the 
ltMlS imy bc dcfin,te, - v ,mde 'A determination of the presence of the 

32:177 (Any.) 1934. F,br0nla OI the Test es. J. Urol. 
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anterior hypophyseal sex hormone in the urine by the Zondek method. 
The pathologic type of tumor may.be determined before operation by 
the quantitative estimation of the excretion of this hormone. Local 
recurrences or metastasis may now be determined, even before clinical 
detection of the lesion is possible, by the reappearance or increase in 
the amount of the hormone excreted. The effect of irradiation of a 
testiculai tumoi on the excretion of this principle determines its 
radiosensitivity; thus, proper treatment may be outlined early in the 
course of the disease. Castration in the adult male may produce little 
or no change in his secondary sex characteristics. 

SEMINAL VESICLE 

Carcinoma. — Pelagatti 40 has added the report of an additional case 
to the 7 cases of undoubted malignant growth of seminal vesicular 
origin which he found reported in the literature. The only symptom 
experienced by the patient, a man aged 30, was obstinate constipation. 
Abdominal palpation revealed a nodule the size of a walnut on the 
left side and another, the size of an orange, a little nearer the left 
colic angle, while rectal palpation at the level of the prostate revealed 
an enormous mass which filled the entire small pelvis. The neoplasm, 
which was judged to be a tumor of the prostate, was considered 
inoperable, and the patient was sent home. Nine months later he was 
seen again, and at this time, in a frenzy of despair, he committed 
suicide. 

At necropsy, metastatic nodules were found in the liver, pancreas, 
spleen and peritoneum of the transverse colon. There was infiltration 
of the lymph nodes of the mesentery of the small intestine and also of 
the perigastric, peripancreatic and pericolic lymph nodes. Nodules 
as large as hen’s eggs were scattered throughout the liver, and the 
fatty capsule of the liver was infiltrated with neoplastic plugs. There 
was no invasion of the kidneys, suprarenal bodies or ureters, and the 
only vesical lesion was the presence of two superficial ulcerations of 
its mucosa on the posterior wall. The prostate, rectum, testes or vasa 
deferentia did not suffer in any way. 

Behind the bladder, however, between it and the rectum, was a 
large round, whitish mass, the size of an infant’s head invested with 
peritoneum and surrounded with other smaller nodules of the same 
character. On incision of the retrovesical peritoneum the mass was 
seen to be a part of the right seminal vesicle and ampulla. These, 
when cut, had an almost triangular shape with two distinct surfaces, 
an anterior or vesical surface, which looked normal and nearly flat am 

46. Pelagatti, V. : Adeno-carcinoma della vescichetta scminate destra. Arch, 
ital. di urol. 11:201 (Feb.) 1934. 
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which was not related to the tumor, and a posterior surface, which 
was folded in an angle with the vertex inward, becoming fused in the 
neoplastic mass. The lumen of both the seminal vesicle and the 
ampulla were, however, conserved and only slightly reduced. There 
were no changes in the left vesicles and ampulla. The prostate seemed 
rather small and was not involved in the mass. 

The pathologic changes .in the right ampulla were only slight and 
were chiefly the result of compression. Only at the vertex of its 
posterior surface were the muscularis and adventitia thickened and con- 
tinuous in an indistinct way with the stroma of the tumor. The mucosa 
of the right seminal vesicle revealed a riotous proliferation of epithelial 
cells, especially in the posterior part, where no special structure was 
any longer discernible. In places not even the stroma supporting the 
mucosa could be recognized ; there was only a great quantity of chaotic 
epithelial cells forming a sort of cord or plug leading into and becom- 
ing confused with the parenchyma of the tumor. Beyond the seminal 
vesicle the structure of the tumor was more glistening, with irregular 
trabeculae of collagenous fibers, which were ramified extraordinarily. 
The metastasis to the liver and lymph nodes faithfully reproduced the 
carcinomatous structure of the primary tumor. There was evidence 
that the metastasis was mostly by way of the lymphatics, but metastasis 
by the blood stream cannot be excluded, since there was manifest neo- 
plastic infiltration of the walls of the newly formed vessels. 


URIXARY CALCULI 


Thomas 47 stated that India may be looked on as the home of 
urinary calculi. Urinary calculus is one of the commonest conditions 
with which a surgeon is called on to deal. Two hundred and fifty cases 
were handled in a period of six years in a part of India in which this 
condition is very prevalent. The greater number of the patients were 
males who were more than S years of age. It was, however, a common 
thing to operate on much younger children. The youngest child was 6 
months old and had a stone the size of a hazelnut. The proportion of 
females was small, and those operated on were chiefly below the age 
of puberty. The reason for this is obviously the ease with which small 
stones can be passed through the female urethra. Two or three cases 
of stone in the prolapsed bladder occurred among patients who had 
procidentia, the stones being 'removed through the anterior vaginal wall 
A good many stones impacted in the male urethra were dealt with the 
greater num ber being held up at the commencement of the penile urethra 


47. Thomas. R. C.: Stone in the Lower Urinarv Tract ^ wai, . w . , 

Multiple Calculi. Lancet 2:193 (July 28) 1934. ’ ’ " xanl Pl es °f 
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A small number of prostatic stones were encountered. The most com- 
mon stone was the hard, smooth, oval uratic stone ; two of these were 
often found and sometimes three. Next came the phosphatic stone. 
Both of these types were often very large. The mulberry calculus was 
always small, as the patient sought advice early because of the pain 
and vesical irritability it caused. Hematuria and pain at the end of 
micturition were the usual symptoms in cases of mulberry calculus. The 
other patients complained more of frequency, sudden cessation of the 
urinary flow and a feeling of heaviness in the perineum. Pain became 
a predominant symptom only when cystitis was present or when a 
stone became impacted in the prostatic urethra. Thomas stated that a 
striking thing about most of the cases was the long time during which 
symptoms had been endured before advice had been sought. Some of 
the adults, judging by the size of the stones, must have suffered for 
years. This was borne out by the multiplicity of stones in some cases. 
In several cases of long standing drainage of the bladder was necessary 
on account of the pronounced degree of cystitis. Thomas removed 
every stone by the suprapubic route except those in the prolapsed bladder 
and the impacted urethral stones. Many of the stones Were very large 
and therefore not suitable for lithotrity. Many patients had two and 
even three stones, and lithotrity would have been a long operation. 
Cystitis was very common. The removal of a stone or stones by the 
suprapubic route never required more than twenty minutes, thus saving 
valuable time, and often it was completed in ten minutes. There 
appeared to be no more risk with the suprapubic operation than with 
lithotrity. The suprapubic operation had the added advantage of per- _ 
mitting direct inspection of the vesical wall. The average time spen) 
by the patient in the hospital was fifteen days. In India, time is ol 
little account. All patients received a mixture of methenamine and 
acid sodium phosphate, 10 grains (0.65 Grn.) each, for three days, 
and the stones were removed on the fourth day. The operative technic 
consisted of the usual subumbilical incision and separation of the rectus 
abdominis and pyrann'dalis muscles, which were retracted by an 
assistant. The peritoneum was then wiped upward off the bladder, 
which was opened below it. After removal of the calculus, the bladder 
w r as swabbed dry and then closed from above downward with a running 
suture of no. 0 catgut, which included both mucous membrane and 
muscle. After this suture had been tied below, it was brought up again 
as an invaginating suture and tied with the original end. I he fascia 
was closed with no. 1 catgut in children and no. 2 catgut in adults., fill e 
skin was closed with clips. A catheter was passed and secured in the 
usual way and retained for from nine to ten days. 
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Colby 43 stated that the fundamental problem in the consideration of 
urinary calculi is the prevention of recurrence. The importance of this 
statement is borne out by reports from the great clinics of the country 
of recurrences in from 20 to 40 per cent of the cases of nephrolithiasis. 
He emphasized the fact that stone in the kidney as well as stone in 
the bladder may be a sign of hyperfunction of the parathyroid glands 
rather than a primary urologic disease. The question of the formation 
of calculi is complex, and many factors must be considered. The urine 
itself presents the -extraordinary phenomenon of an extremely super- 
saturated solution which does not obey the ordinary laws of chemical 
solutions. Substances excreted by the kidneys are but slightly soluble 
in water, for instance, uric acid and calcium oxalate; uric acid is from 
ten to twenty times more soluble in urine than in water. The ability 
of the urine to hold these salts in solution is said to be the result of the 
presence in the urine of protective colloids. They prevent the pre- 
cipitation of the salts and inhibit the formation of calculi. If the colloids 
are deficient in amount, or if their action is interfered with by chemical 
changes, such as occur in stagnant urine, the protective mechanism is 
lacking, and the excess of free salts is precipitated as calculi. By feeding 
oxamide to rabbits and dogs, Keyser demonstrated that a marked 
increase in the crystalline content of the urine at times apparently so 
adds to the burden put on the colloids that they are unable to perform 
their protective action. Formation of calculi in the urinary tract is the 
result of an abnormal precipitation of the crystalline elements normally 
present in urine. There is much evidence to show that obstruction 
plays an important part in the formation of calculi, and all investigators 
regard urinary stasis as fertile soil for the subsequent formation of 
stones. The importance of infection as a cause of calculi is difficult to 
evaluate. Many stones develop in uninfected urine, and in many 
instances of long-standing sepsis calculi never occur. Urea-splitting 
organisms may cause rapid incrustations in the kidney and bladder. Diets 
deficient in vitamin A. if given for some time, cause crystalline 
deposits in the urinary tract of laboratory animals. The geographic 
incidence of stone, as in India and China, seems to be the result, in 
part at least, of dietary deficiency. 

It has been proved that the parathyroid glands affect calcium metabo- 
lism. Total extirpation of these glands causes a decrease in the level 
o scrum calc.um and results in tetany. Tumors of the parathyroid 
g ands cause marked metabolic changes with a loss of bone calcium 
elevation ot the level of serum calcium and an increase in the urinary 
output ot c alc.um. The resulting bony changes, decalcification, cysts, 

Gyl! ToJu ^ Parath ^ Sur g „ 
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benign giant cell tumors and spontaneous fractures, characterize the 
condition known as generalized osteitis fibrosa. The frequency with 
which stones occur in this disease is more than a coincidence. 

In 28 cases of generalized osteitis fibrosa (Rankin), renal calculi 
were present in 5, and in 4 other cases in which tumors of the para- 
thyroid glands were removed renal stones were present. The pouring 
out of calcium through the urinary tract seems to result in the forma- 
tion of calculi in many patients with hyperparathyroidism. Urinary 
stasis is probably an important contributing factor in this condition. 
Tumors of the parathyroid glands have been removed from 13 patients 
at the Massachusetts General Hospital. In 8, or 61 per cent, demon- 
strable calcification was present in the urinary tract. Three had bilateral 
renal stones. The patients on presentation gave the usual history 
of renal colic, hematuria and other signs typical of stone in the kidney 
and without the usual symptoms of generalized osteitis fibrosa. The 
true condition in these patients was recognized by discovering a high 
serum calcium and a low serum phosphorus content. The output of 
calcium in the urine was increased and the output of phosphorus was 
decreased. Colby emphasized that while generalized osteitis fibrosa is 
frequently accompanied by urolithiasis it is important to recognize that 
calculi often form in the urinary tract without any of the bony changes 
which characterize this disease, although tumors of the parathyroid 
glands are present and constitute the underlying cause of the urolithiasis. 
Unless the tumor is removed the stones will frequently recur. 

Keyser 49 cited the following facts as evidence that a metabolic dis- 
turbance may cause urinary calculi: 1. Calcium phosphate calculi 
developed in rats which were fed a diet that was deficient in vitamin A. 

2. “Intensely excessive excretion of normal urinary crystalloids pro- 
duces stone formation.” Keyser and other investigators have demon- 
strated that artificially produced excessive oxaluria will cause urinary 
calculi under aseptic conditions. 3. “Crystalloids normally foreign to 
the urinary tract excreted therein by metabolic perversion are often 
found clinically as calculi.” Keyser previously demonstrated that 
asceptic calculosis of this type could be produced by feeding oxamide. 

4. “Colloids normally absent in the urine when they do find entrance 
may give rise to stone formation.” The fibrin calculus, which is com- 
posed of alternating layers of calcium phosphate and fibrin, and calculi 
which are composed of cystine, xanthine, indigo and urosteahth, are 
examples of this type of calculosis. . . 

The evidence of specific infection as another cause of calculosis is 
presented. To the experimental work of Rosenow and Mcisscr with 

49. Keyser, L. D.: The Relationship of Urinary Infections to Recurrent Cal- 
culi, J. Urol. 31:219 (Feb.) 1934. 



SCHOLL ET AL. — REVIEW OF UR0L0G1C SURGERY 1079 

streptococci and of Hager and Magath with Bacillus proteus-ammoniae, 
Keyser adds instances of experimental infectious calculosis in rabbits 
produced by vesical inoculation with strains of streptococci from 2 
patients who had calculi. A review of the mechanism of the experi- 
mental formation of stones discloses that hyperexcretory calculosis. is 
dependent on the modification of urinary crystals by the urinary colloids 
from isolated units to coalescent, spherical units. When such fusing 
spherical units are precipitated simultaneously with the jellying of irre- 
versible urinary colloids to form the organic framework, the formation 
of stones takes place. Calculosis from infection seems to arise from 
ulcerative lesions of the urinary epithelium and subsequent impregna- 
tion of this epithelium by lime salts. 

Twenty-eight cases of recurrent urinary calculi were reviewed in 
detail. In 16 personal cases, almost all cases of alkaline earth stones 
with infection, Keyser has been able to break the cycle of recurrence 
by removal of existing calculi, by acidifying the urine with diet and 
drugs, by removal of focal infections and by repeated cystoscopic lavage 
and ureteral dilation to promote better drainage. In most instances this 
therapy has resulted in clearing up the urinary infection as well as in 
preventing the recurrence of calculi. 


UROGRAPHY 

Campbell 50 reported his observations in 381 intravenous urographic 
studies of 304 infants and children; in this study almost 1,900 
urograms were analyzed. Two of the patients were 3 weeks old, and 
2 others were 4 weeks old. There were 182 females and 122 males. 
Campbell employed the method in children for assistance in the diag- 
nosis of chronic pyuria, of hematuria which was not the result of 
nephritis, of tumor or pain in or along the upper urinary tract and, in 
some instances, of disturbances of urination not falling under the fore- 
going groupings. Parenthetically, in practically every case in which 
a child has an abnormal excretory urogram or in which the results of 
ureteral catheterization suggest disease of the upper part of the urinary 
tract, a retrograde pyelogram should be made. Using the intravenous 
urographic mediums for instillation through a catheter, Campbell did 
not hesitate to perform bilateral retrograde pyelography. Retrograde 
urography was employed in all but 36 of the 304 cases and serves as 
a check on the intravenous method. Intravenous urography is par- 
ticularly indicated in those cases in which ureteral catheterization is 
impossible or is refused or in which the condition of the patient does 
n0t warram ,nstrurn entation. Campbell stated that this type of urog- 

infants - 
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raphy is said to be contraindicated by severe renal or hepatic deficiency, 
idiosyncrasy to iodine, thyrotoxicosis, active pulmonary tuberculosis 
and exudative diathesis in children. Campbell used iopax 19 times, 
neo-iopax 8 times, skiodan 7 times, and diodrast 347 times. Iopax and 
sktodan are disadvantageous to inject because of the relatively large 
fluid bulk required ; in highly nervous or unruly children this is a real 
disadvantage. Because of its freedom from irritating effect, as mani- 
fested by absence of pain in the arm on injection, and its minimal 
toxicity, rapid excretion and satisfactory concentration, Campbell pre- 
ferred diodrast, particularly in children. The amount of solution 
required for children is relatively much greater than for adults. The 
average doses which Campbell employed for children were as follows 
(given in per cent of the adult dose) : under 6 months of age, 25 to 30 
per cent; 7 to 12 months, 30 to 35 per cent; 1 to 3 years, 35 to 50 
per cent; 4 to 6 years, 50 to 80 per cent, and 7 to 8 years, 80 to 
100 per cent. The child should be spared purging enemas until the 
return is clear, and starvation. Yet for constipated children a small 
dose of castor oil and a low enema to clear out the rectum are some- 
times advantageous. No meal should be omitted; the longer the 
interval from the last meal, the greater will be the gaseous distention 
of the intestine. Greatly reducing the fluid intake for from twelve to 
eighteen hours before examination considerably increases the concen- 
tration of the excreted medium in the urine and thereby favors better 
urographic definition. For older children the injection is usually given 
into one of the cubital veins; for infants with fat arms and delicate 
vessels one may be forced to employ a superficial vein elsewhere (the 
wrist, the back of the hand, the feet or the scalp), the external jugular 
vein or, as Campbell did in 1 case, the fontanel. The injection should 
take at least two minutes ; employment of a fine needle will control 
any tendency to too rapid injection. The conventional roentgenologic 
diaphragm can be used only for older cooperative children. For all 
others shorter exposures (from one sixteenth to one eighth of a 
second) must be employed. With the latter group, the roentgenologist 
must exert unusual patience and cooperation to make the exposure m 
the fraction of a second when the child is still ; this is usually at one 
of the extremes of respiration and preferably at full expiration. As 
a rule, .the interval between exposures is considerably less for children 
than for adults. The following schedule will be found satisfactory for 
most children: (1) flat roentgenograms made before intravenous 
injection; (2) injections of the radiopaque medium, and (3) roent- 
genograms made five, ten and fifteen minutes after the completion o 
the injection. The immediate development of the early roentgenograms 
will indicate whether longer or shorter intervals between exposures 
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will be advantageous; in some instances subsequent roentgenograms 
at intervals of an hour or more may be indicated. 

Abesbouse 51 stated that the phenomenon of pyelolymphatic back- 
flow can be graphically demonstrated by injection of the renal and 
perirenal lymphatics during pyelography. It was Ins opinion that 
injection of these lymphatics is the result of the easy penetration of 
pyelographic medium into anomalous renal lymphatics, which may be 
congenital or acquired. The presence of this type of anomalous renal 
lymphatics has not been demonstrated ; this may be the result of the 
scant knowledge of the normal anatomy and physiology of the renal 
lymphatics, of dearth of pathologic specimens showing such changes 
and of the technical difficulties encountered in injecting normal and 
pathologic renal lymphatics. Overdistention of the renal pelvis and 
excessive pressure at the time of pyelography play no role in the pro- 
duction of injected renal or perirenal lymphatics. Abeshouse strongly 
emphasized the dire need of further investigation of the anatomy and 
physiology of the renal lymphatics and the necessity for careful 
pyelographic studies in cases of parasitic and nonparasitic chyluria of 
renal origin in order to demonstrate the exact point of communication 
between the lymphatic and the urinary system and to enhance the 
knowledge of the renal lymphatics. 


ANESTHESIA 


Spinal Anesthesia . — Spinal anesthesia, as employed by Howley and 
Robertson, 52 is comparatively safe and is usually preferred to general 
anesthesia in the urologic service at the Bellevue Hospital. In six years, 
spinal anesthesia was used in 1,490 cases. Two deaths were reported 
to have occurred in cases in which spinal anesthesia was employed; 
both patients presented a poor risk and were more than 70 years old. 
Patients who have hypotension or hypertension, with cardiovascular 
injury , present the poorest risks. Spinal anesthesia is not advisable 
for children or for apprehensive patients. Nupercaine (1:200) is best 
suited for long operations and procaine crystals are best for short 
procedures. A comparison between the results obtained in two periods 
of six years has been made from the same service with the same type of 
cases and practically the same attending stafif. In one of these periods 
which starte d in 1919, general anethesia was used (gas-oxvgen and gas- 
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oxygen-ether ) in 1,094 cases with postoperative death in 164, or 15 
per cent. In the other period,' which started in 1925, spina! anesthesia 
was used in a total of 1,490 cases, with postoperative death in 149, or 
10 per cent. Although no attempt was made to prove anything, Howley 
and Robertson expressed the belief that the comparison is significant 
when one considers that each group of observations was from the same 
service with practically the same visiting staff and with the same type 
of cases. 

PNEUMATURIA 

Mulsow and Gillies 53 stated that pneumaturia without a fistula 
between the bladder and the intestinal tract is rare. The primary type 
of pneumaturia appears to be so rare and the condition persists for 
such a short time that few cases have been studied with any degree of 
completeness. The organisms which have been described in these cases 
have in alt instances belonged to the colon group of bacteria. In the 
case reported by Mulsow and Gillies, Nocardia would not produce gas 
in urine or any of the ordinary carbohydrate culture mediums. It prob- 
ably did not produce gas but was the only organism able to survive for 
any length of time in the strong!}^ alkaline urine. None of the bacteria 
found in cases of pneumaturia has consistently produced gas in urine 
which was free from dextrose. Obstruction in the urinary tract, 
together with marked atony of the muscles of the bladder, has been 
found in most cases. In these cases there is often considerable residual 
urine and infection. In the case which was reported by Mulsow and 
Gillies it appears that the gas was formed either by the acid urine 
from the kidneys, which acted on the alkaline carbonates of the urine 
retained in the bladder, or by some organism which was killed by the 
strongly alkaline urine. The fact that no more gas was formed after 
the patient was placed on a diet for relief of ulcer and given alkalis 
suggests that the pneumaturia may have resulted from the action of the 
acids in the urine as it came from the kidneys. Other patients whose 
cases have been reported in the literature have recovered spontaneously 
or have been cured by simple rest in bed, antiseptic irrigations of the 
bladder and drainage of an infected kidney. 


PRESACRAL SYMPATHECTOMY 

McCrea and Macdonald 5t said that the functions of the autonomic 
nervous system are even now only beginning to be understood and t iat 
the knowledge of the nervous control of the bladder is incomp etc. 


53. Mulsow, F. W., and Gillies, C. L.: Primary Pneumaturia, with Import of 

a Case, J. Urol. 32:161 (Aug.) 1934. . . Mnmv - f „i til „ 

54. McCrea, E. D., and Macdonald, A. D.: Presacral Sympathecto > . 

Urinary Bladder, Brit. J. Urol. 6:119 (June) 1934. 
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Therefore, they warned against the too enthusiastic practice of pre- 
sacral sympathectomy, because the indications for, and the results to be 

expected from, this procedure are not yet defined. 

A vast amount of experimental work on animals has been done on 
the functions of the hypogastric nerves, which was summarized by 
Dennig in 1926. Since that time a number of observations on man have 
added to the knowledge acquired by the experimental physiologist. 
The authors have demonstrated that in the cat and the dog the effect 
of stimulation of any nerve trunk on intravesical pressure is condi- 
tioned by the muscle tonus and the nature and depth of the anesthesia 
and the bladder is inhibited by stimulation of the hypogastric nerves 
when in tone and showing rhythmic contractions. On decentralizing 
the viscus by spinal anesthesia, the inhibitor response is replaced by 
contraction. McCrea and Macdonald concluded that the hypogastric 
nerves contain both inhibitor and excitor fibers and that it has been too 
generally accepted that the sympathetic nerves of the bladder are purely 
inhibitors and the parasympathetic nerves are excitors. 

On section of the hypogastric nerves in the dog it has been found 
that the bladder functions normally. When all the nerves but the hypo- 
gastric were divided, overdistention was still appreciated. Hyperemia 
also occurs as an effect of section of the presacral nerves, and pain is 
produced by stimulation of its central cut end. 

The results of section of these nerves on the normal bladder of 
human beings are well known and do not differ from those noted in 
the bladder of animals. Micturition, thereafter, is absolutely normal, 
apart from occasional instances ot slightly increased frequency. These 
nerves are not essential to a satisfactorily acting bladder, A number 
of observations have been made of the effect of section on the patho- 
logic states of the bladder. The presacral nerve has been resected to 
relieve pain in cases of chronic cystitis, tuberculous cystitis, ulceration 
and “cystalgia.” Pain can be partially but not completely controlled, 
and rebellious inflammations are sometimes cured, perhaps as suggested 
by Learmonth, because of vasodilatation. 

The operation has been performed to relieve the retention of “cord 
bladder” in which it is assumed that the malfunction of the pelvic nerves 
results in unbalanced control of the hypogastric nerves. Improvement 
has been noted. 


The authors concluded that the sympathetic and parasympathetic 
nerves function together in the regulation of the bladder but that the 
parasympathetic nerves, through the pelvic nerves, are by far the more 
“I- ofter group may be ’the dominant eXr 

o } * JS !10t t0 ^ aSSUmed that either is exclusively so 

• t that the >’ are antagonists. Both transmit sensory impulses, the 
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pathway of the pelvic nerves being the more important. The precise 
action of the hypogastric nerves on the vesical sphincter is unknown; 
in fact, they may not influence it at all. 

UROGENITAL INFECTION 

Walther and Willoughby , 55 who have had seven years of experience 
with azo dyes, found them of definite value in combating urbgenitai 
infections. These drugs, especially pyridium, have proved superior to 
the older urinary antiseptics in common use and are practically harmless 
in their action. They have a wider field of usefulness by acting equally 
well in alkaline or acid urine ; they are synergistic to most other 
remedies and require no special dietary regimen. Nothwithstanding the 
great practical value of combined clinical and laboratory research, 
Walther and Willoughby believed that there would remain much in the 
empirical inheritance of the dyes which would not be fully explained 
by present-day investigation. 

55. Walther, H. W. E, and Willoughby, R. M.: Oral Dye Therapy in Uro- 
genital Infections, Am. J. Surg. 25:460 (Sept.) 1934. 
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tion to hyperventilation, 625 
relationship of infection to postoperative pul- 
monary complications, 14 
suppuration, experimental studies, 476 
Tuberculosis : See Tuberculosis 
Lymph nodes, mesenteric lymphadenitis simulat- 
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therapeutic study with report of 30 cases, 

in bone, 722 


muvauBnan, j. It.: Diagnosis of neurogenic 
lesions of urinary bladder by cystometry ; 

iinn ra il?o ° f , met , 1,011 based on experimenta- 
tion with animals, 956 

McKillop, A. X. : Relation of arteries to roots 
.?L nerTes ln Posterior cranlul fossa in man. 



INDEX TO VOLUME 30 


MacNenl, W. J. : Therapeutic use of concen- 
trated streptococcus scrum of New York 
State Department of Health in patients 
with infections of ear, nose and throat, 1 
Therapeutic use of concentrated streptococcus 
serum of New York State Department of 
Health ; infected wounds, 357 
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P.and, C. IV, : Irradiation in treatment of 
tumors of pituitary, report of 23 cases, 103 
Ransom, H. K. : Carcinoma of body and tail 
of pancreas, 584 

Karlch, A.: Neurofibroma of ureter; report of 
case with operation and recovery, 442 
Rectum, cancer; chronic ulcerative colitis with 
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centrated streptococcus serum of New York 
State Department of Health In infected 
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Uretero-intestinal anastomosis, 899 
Urethra, trauma, 10G9 
Urinary Tract, calculi, 1075 
roentgenography (urography), 1079 
Urography: See Urinary Tract, roentgenography 
Urologic surgery, review of, 884, 1058 


Varicose veins, histologic effects of intravenous 
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Vaso-orchidostomy with interposed spermatocele ; 

procedure for treatment of sterility, 967 
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formation of bone, 729 
Venoclysis : See Injections, intravenous 
Yeibrugge, J. : Review of urologic surgery, 
884, 1058 
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gonococcus complement-fixation test in blood 
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720 . 

Synovitis, hemorrhagic villous synovitis of knee 
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tumor (fibroma) of Jforgagnt’s hydatid, 1072 
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riecl out. AH the patients were in good clinical condition before and 
during operation, and there were no fatalities. 

The serum bilirubin was determined by the quantitative van den 
Bergh procedure as modified by Thannbauser and Andersen. As stated 
in a previous report, 1 the normal range of serum bilirubin, according to 
our experience, is from 0.1 to 1 mg. per hundred cubic centimeters; in 
about 50 per cent of the persons the serum bilirubin falls below 0.5 mg.. 

Table 1 . — Data for Patients Showing No Preoperative Hyperbilirubinemia or 

Retention of Dye 


Serum Bilirubin, 
Mg. per 100 Ce. 


Retention of Dye, 
Percentage 


Patient 

f 

Before 

After 

Before 

After 

L. F 

0.40 

0.70 

0 

0 

A. L 

0.90 

0.90 

0 

10 

A. An 


0.90 

0 

0 

E. Ti 

0.40 

0.20 

0 

0 

L. C 


O.SO 

0 

0 

I. B 

0.00 

1.30 

0 

0 

T. Y 

0.72 

O.SO 

0 

0 

A. S 

0.70 

1.10 

0 

10 

E.Lc 


3.20 

0 

0 

A. Ab 

O.SO 

1.20 

0 

10 

E. Lei 

0.03 

0.S4 

0 

0 

J. D 


0.74 

0 

0 

ax. ai 

0.00 

0.00 

0 

10 

SI. G 


O.OS 

0 

0 

T. M 

0.4S 

0.72 

0 

0 

H. Me A 

0.4S 

0.75 

0 

10 

J. C 

0.37 

0.02 

0 

0 

F.R 

0.92 

0.90 

0 

20 

A. 31 

0.30 

0.64 

0 

0 

A. DeC 


1.20 

0 

10 

S. S 

0.72 

0.74 

0 

10 

B. Z 

0.52 

1.00 

0 

20 

R. H 


0.30 

0 

SO 

31. R 


1.40 

0 

0 

J. K 

0.52 

1.10 

0 

25 

JO 

31. K 

0.41 

0.70 

0 

S. B 


0.40 

0 

20 

A. Ca 


0.50 

0 

3.» 

0 

S. V 

0.05 

0.90 

0 

L. V 

O.SO 

0.42 

0 

0 

31. Sm 

0.0S 

0.32 

0 

0 

C. W 

0.50 

1.0S 

0 

0 

31. Sh 

0.40 

0.60 

0 

0 

31. H 

0.39 

0.52 

0 

0 

0 

S. B 

0.35 

0.65 

0 

L. C 

0.11 

0.12 

0 

0 

S. R 

0.30 

0.00 

0 

20 

C. 31 

0.70 

0.60 

0 

50 

0 

0 

0 

31. 31 

0.43 

0.23 

0 

A. K 

O.SO 

0.30 

0 

O. C 

o.os 

0.46 

0 


and in about 95 per cent it fell below 0.8 mg. Bromsulphthalein was 
administered in the dosage of 2 mg. per kilogram of body weight, the 
degree of retention being determined at the end of thirty minutes. 

Several studies were made in the majority of instances, the two 
figures reported here are those obtained within twenty-four hours 
before and twenty-four hours after cholecystectomy. No morphine was 
administered to any patient in this series between the time of operation 
and the reported postoperative observations. 

1. Cantaroiv, A,: Hepatic Function: I. Noncalculous and Calculous Chole- 
cystitis, Arch. Int. Med. 54:540 (Oct.) 1934. 



CANTAROIV ET A L.— HEPATIC PUNCH OP s<> ' 

In order to simplify the analysis of the experimental data, the 
patients may be divided into several groups in accordance with observa- 
tions made before operation. 

Patients with No Pr coper alive Hyperbilirubinemia or Retention of 

Jjyc, There were forty-one patients who before operation showed 

neither hyperbilirubinemia nor retention of bromsulphalein aftet tliii t\ 
minutes. The detailed findings are presented in table 1. A significant 
increase in the concentration of serum bilirubin twenty-four hours after 

Table 2. — Data for Patients Showing Prcapcraiivc Jlyperbilinihiurniia or 

Retention of Dye 


Strum Bilirubin, Retention of Dye, 

Mr. per 100 Ce. Percentage 


Patient 

Before 

After 

Before 

After 

31. R 

2.00 

1.20 

10 

30 

R. 31 


0.70 

5 

0 

31. C 

0.00 

1.40 

T> 

10 

K. F 


1.00 

10 

20 

P. S 


0.5.7 

.7 

15 

31. P 


O.ltt 

5 

20 

J. A 


o.'.e 

2-7 

60 

<1. 31 

O.TO 

0.7.7 

i> 

0 

F. C 


0.00 

0 

0 

E. T 


0.40 

100 

r> 

F.G 


0.70 

0 

10 

31. L 


0.3S 

0 

30 

J. It 


2 

0 

3.7 

T.F 

1.36 

1.20 

1.7 

0 

A. Cu 

0.44 

2.70 

r> 

.70 

L.A 


030 

0 

0 

E. 31 

O Oi 

0.63 

43 


31. L 

2.40 

3.60 

15 


J. H 


0.52 

.7 

10 


Table 3.- 

-Summary of Data for Patients with No Prcopcratk’c Retention of Dye 



Serum Bilirubin 
— — 

Retention of Dye 

Cases 

Before, 
3Ig. per 

100 Cc. 

After, 

Mg. per 

100 Ce. Increased 

Decreased Before After 

Increased 

40 

0.11-2.40 

0.12-2.24 27 (60%) 

13 (23%) 0 0-30 

19 (41%) 


cholecystectomy occurred in twenty-six cases (63.4 per cent), the value 
being above the upper limit of normal (1 mg.) in nine instances (21.9 
per cent). An abnormal degree of retention of dye (from 10 to 50 
per cent) was noted twenty-four hours after operation in sixteen cases 
(39 per cent). 

There was no apparent relation between the postoperative increase 
in serum bilirubin and the retention of dye. Of the sixteen patients in 
whom retention of dye occurred, two showed decrease in the concentra 
turn of serum bilirubin (R. H. and C. M„ table 1). Furthermore these 
two patients exhibited the most marked degree of retention of dve 
observed ,n this group (30 and 50 per cent). In five instances reten- 


